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This little book owes its existence to the need, which the 
wiiter has experienced, of more specific instructions than can 
conveniently be given orally to students beginning a course 
of laboratory practice in inorganic preparation work. It is 
hoped that it will be of especial assistance to the instructor of 
large classes, by relieving him to a great extent from the 
wearying repetition of directions to individual students. 

The preparations selected are the salts most used in the 
laboratory, or those of commercial importance. A few metallic 
salts of organic acids are included, because they are used in 
laboratory work, or are particularly fine examples of crystal- 
lization. 

The raw materials required are, with few exceptions, inex- 
pensive, and may be obtained in almost any locality, or prepared 
by methods given in this book. The utility and importance of 
by-products and laboratory residues are shown by employing 
them whenever possible. 

The reactions, specific gravity of solutions, molecular weights, 
etc., given with each experiment, together with the tables in 
the appendix, furnish the necessary data from which the stu- 
dent is expected to make all computations involved. The 
approximate amounts of material and reagents are given with 
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each experiment, but are intended to be used merely as a check 
on his calculations, since errors occurring through haste or 
carelessness may cause much trouble and waste of time. The 
author considers this practice in calculating one of the chief 
features of the book, and would recommend that all figuring 
be required in full in the note-book. 

No attempt has been made to observe any particular grouping 
or sequence in the preparations, and each is to be regarded as 
an independent experiment. 

In the preparation of the work much has been drawn from 
the works of Bender, Erdmann, Fresenius, and other authorities 
indicated in the references. 

In conclusion, the writer wishes to express his sincere thanks 
to Prof. H. P. Talbot, of the Massachusetts Institute of Tech- 
nology, for valuable criticism and assistance in the correction 
of proof. He also desires to acknowledge his great obligation 
to Mr. J. W. Smith, of the same institution, to whose extensive 
practical experience many of the processes and modifications of 
methods and apparatus given in this work are due, and by 
whose teachings he has largely benefited through association as 
student and instructor. t? tt rr. 

x* . xl. 1. 

Boston, Mass., October, 1896. 
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SOLUTION. 

By solution is meant the union of a solid, liquid, or gas with 
a liquid, called the solvent, to form a homogeneous liquid. The 
dissolving of a gas is generally known as absorption ; when one 
liquid is dissolved in another, they are said to be mixed ; while 
the term solution is usually applied to the dissolving of a solid. 
Solutions are of two kinds, chemical and simple. In a chemical 
solution a combination takes place between the solvent and the 
dissolved substance, so that each loses its identity, and a new 
compound results. In a simple solution there is no chemical 
union between the solvent and the dissolved body, and each 
may be recovered unchanged, by physical methods. In the fol- 
lowing preparations nearly all the simple solutions are made 
with water as the solvent. In very rare instances alcohol, ether, 
or other liquid may be used. 

Generally the first step in any preparation is to dissolve the 
raw material in some solvent, or to bring into solution the 
product obtained as the result of a chemical action between raw 
materials. The majority of reactions are carried out with sub- 
stances in solution. When the problem of bringing a certain 
substance into solution in water is presented, the first point to 
be decided is, how much water is necessary to dissolve the given 
weight of the substance. No large excess of water should be 
used, as it must be filtered or evaporated later, or it may dilute 
the solution beyond the point at which a desired reaction can 
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best be carried out. la general, solutiona should be kept as 
concentrated as possible, and still permit of filtration or other 
manipulation, without the salt crystallizing during the process, 
As a mle (there are some important exceptions), the solubility 
of a salt increases as the temperature rises, until the saturation 
point is reached at the boil. A solution is said to be saturated 
at any given temperature when it will take into solution no 
more of the salt at that temperature. Only by increasing the 
heat can more salt be dissolved. A solution saturated at the 
boiling temperature cannot be filtered successfully on a bag or 
cloth filter, nor in an ordinary funnel, because exposure to the 
air, together with the cooling effect of the funnel walls or fil- 
tering material, will lower the temperature sufficiently to cause 
crystallization and consequent clogging of the filter. Only by 
intricate special appliances for maintaining the temperature of 
the funnel walls at or slightly above the boiling point can Buch 
solutions be filtered {p. 13). In laboratory practice it is best to 
work with solutions which would be saturated at temperatures 
10° or 15° below that actually employed. This allows for con- 
siderable cooling of the solution before crystallization begins. 

When a certain substance is to be dissolved, the student must 
a.scertain its solubility,* decide at what temperature it is best 
to work, and then calculate how much water is necessary to dis- 
solve the given weight of the salt at from 10° to 15° below this 
temperature. 

As a rule the temperature employed should be as near boil- 
ing as convenient, except in the ease of a few salts whose maxi- 

• In the " Dictionary of Solubilities of Chemical SubetancEB," by Frank H. 
Slorer, or tie new " Dictionary oE Chemical Solubilities," by Arthur M. Coraey, 
will generally be found the amount of a given salt nhich is held in solution at 
0°, 16°, 50°, and 100° C; and at the boiling paint of the saturated solution. In 
connection with most of the preparations in this Mani;* i, the solubility at various 
temperatures and the specifio gravity of the solution witii varyizig per cent ol 
the salt in question are given. 
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I solubility lies considerably below boiling. But even in 
[ these cases, heating above the point of niaximura saturation is 
no particular objection, since the capacity of the solution to 
take up more substance increases as the temperature falls to this 
point, and such operations as filtering may be performed with- 
out danger of the salt crystallizing on the filter. 

Whenever a crystallized salt is to be dissolved, the student 

■ should take into account the " water of crystallization," if there 
be any in the crystal. In many cases this water may amount 
to even more than one-half of the total weight of the cryatal- 

■ lized salt, and it should be deducted from the quantity calcu- 
lated for the solution of the anhydrous salt. Likewise, when 
neutralizing or acidifying a solution, the water added in the 
neutralizing solution or in the acid must be taken into consid- 
eration, if in significant quantities. When working on a manu- 
facturing scale the moisture mechanically enclosed in certain 
damp raw materials must frequently be regarded. This may 
Bometimea amount to 10^ or more of the weight of salt. 

In most cases much time is saved by dissolving substances in 
hot liquids, and frequent stirring during solution is advisable. 
It is generally best to stir the solvent actively while introducing 
the material to be dissolved. This prevents, to a great extent, 

' the tendency which some salts (e.g. soda ash) have to cake 
together in a solid lump, whose solution then becomes exeeed- 

' ingly slow. The finer the crystals or particles of a substance, 
the more rapid is its solution ; hence coarse crystals or large 
lumps should be broken up in a mortar before attempting to 
dissolve them. Occasionally it is convenient to dissolve a sub- 

I stance by blowing free steam directly into the vessel containing 
it. In this way a strong solution can easily be made, and if 
the weight of dish and substance be known, the quantity of 
water thus added can be found by weighing the dish and the 
solution. 
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When a chemical solution is to be effected, the amount of 
the solvent needed should always be calculated from the chemi- 
cal equation, due allowance being made for water or other inert 
matter contained in the solvent, or in the substance to be 
dissolved. The strength of the common acids used in these 
preparations should be detennined from their sp. gr. (see Den- 
sity, p. 28) and from the tables given in the appendix. 

When dissolving substances in acids where gaseous products 
are liberated and effervescence occurs, care should be taken not 
to fin the dish more than two-thirds full, and to add the sub- 
stance to be dissolved in small portions, stirring thoroughly. 
Otherwise, loss of the solution from frothing over the sides of 
I the dish is almost certain to occur. 

It is also necessary to dilute concentrated acids before 
attempting to dissolve dry substances in them, except in a 
very few special cases. If this is not done, the student will be 
troubled with a large mass of " insoluble residue," due to the 
fact that there is not sufficient water present in the liquid to 
dissolve the salt foi-med in the reaction. Moreover, the decom- 
position of the substance is very incomplete in such cases, as 
its particles become coated with a layer of the salt, which pre- 
vents further action by the acid. Students frequently add more 
acid in this ease, under the mistaken idea that that which is 
present has become neutmlized; but a little water is often 
sufficient to set up vigorous action and afford complete 
solution. 

It is generally best to add the solid to the solvent, but if it 
be found moi-e convenient to add the solvent to the solid, the 
latter should first l« made into a paste with a little water, and 
the solvent introduced in small quantities at a time. 

In no case should large amounts of any solvent other than 
water be poured upon a diy substance at one time or without 
stirring. 
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PRECIPITATION. 

One of the most frequently employed operations in chemical 
preparations is precipitation, by which a solid is thrown out 
from solution by the addition of a suitable reagent, called the 
precipitant. The precipitate is insoluble, or nearly insoluble, 
in the liquid from which it is separated. Precipitation may be 
done in hot or cold solution, but is generally more complete 
when the former is employed. When adding a reagent for the 
purpose of precipitating some constituent from solution, active 
stirring is always essential in order that the precipitation may 
be complete. The precipitating reagent should be added 
slowly and in small quantities at a time, and the mixture well 
stirred after each addition before the next is made. 

Care must be taken in most instances not to add an excess of 
the precipitant. The exact point at which the precipitation is 
complete is often difficult to determine, and hence careful calcu- 
lation of the amount of precipitant necessary for the case in 
hand should always be made from the equation, before begin- 
ning the experiment. It often happens that the solution 
changes from acid to alkaline, or vice versa^ or becomes neutral, 
when the precipitation is completed. Thus, tests with litmus 
or other indicators furnish a means of control in the process. 
But in many instances it is necessary at frequent intervals to 
filter off a few drops of the liquid into a test tube, and then add 
a single drop of the precipitating reagent to this test. The 
formation of more precipitate in the test portion shows that the 
process is still incomplete, and more reagent must be added to 
the main mass of the solution. Toward the end of the precipi- 
tation the test will show only a faint cloud when the drop of 
reagent is put in. In the case of very heavy precipitates which 
settle quickly, it is often only necessary to wait for this subsi- 
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1 super- 



I dence, and then add a few drops of the reagent to 
' natent liquid to determine whether precipitation i 
or not, 

Precipitation should not be carried on in a very concentrated 
solution, as it is then difficult to obtain a complete reaction, 
owing to the bulk of the precipitate in the relatively small 
amount of liquid. 

When the precipitation is accompanied by the evolution of 
gas, it becomes necessary to exeroise much care, adding the 
reagent in small quantities, with active stirring. Otherwise 
the liquid may froth over the top of the dish, owing to 
the inclusion of bubbles of gas by the more or less pasty 
precipitate. 

When all thrown out of solution, the precipitate is separated 
from the supernatant liquid by filtration or decantation and 
well washed by methods given under "Washing." 



FILTRATION. 

Filtration is the process of separating suspended solid matter 
from a liquid by causing the latter to pass through the pores of 
some substance, called a filter, leaving the solid matter on the 
filter. The liquid which has passed through the filter is called ' 
the filtrate. The filter material may be paper, cloth, unglazed 
earthenware, cotton wool, asbestos, slag or glass wool, sand, or 
other porous matter. In the following exercises paper, cloth, 
or asbestos will he frequently required. 

There are numerous methods of filtering, and the selection 
of the one beat suited to the work in hand is often a consider- 
able problem. 
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Filtration by Gravity. 

The ordinary method of filtering by use of paper supported 
by a funnel is too well known to need description here, but a 
few words concerning its use in special cases may well be 
included. * 

When very rapid filtration is necessary, e.g. when filtering a 
hot, nearly saturated solution, from which the salt crystallizes 
on cooling, plaited filters prepared according to well-known 
methods are advantageous. Other methods of rapid filtration 
will be mentioned below. 

When using large filters and funnels holding considerable 
masses of liquid, the hydrostatic pressure on the point of the 
filter is often sufficient to burst the paper. This annoying acci- 
dent may sometimes be prevented by using a small cone of 
very thin platinum foil, perforated with numerous fine holes, 
and fitting closely to the 
walls of the funnel. But 
a small filter made of the 
so-called "hardened" filter 
paper, and placed in the 
point of the funnel before 
fitting the large filter, serves 
nearly as well as the plati- 
num cone. Another very 
convenient way of support- 
ing the filter is to fold in with the paper a small piece of 
muslin or thin cotton or linen cloth. (See Fig. I.) Thus, 
in using an 8 or 10-inch funnel a piece of cloth 4 inches 
square may be folded in with the paper so as to extend about 
2 inches from the point up the sides of the filter. First fold 
the circular piece of filter paper in halves ; then lay the piece 
of cloth smoothly on a table and bring the center of the paper 
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as nearly as possible over the center of the cloth and lay it flat. 
(Fig. A.) Then lay the loose half of the cloth back over the paper 
(Fig. B), and fold both paper and cloth into quarters. (Fig. C.) 
When using plaited filters the cloth cannot be folded in with 
the paper so readily, but may be folded sepai-ately and placed in 
the point of the funnel before introducing the paper. 

In many cases, especially in technical work, plain cloth filters 
J be pieces of cloth, folded to fit in fun- 
nels, or in the form of bags, sup- 
ported on wooden frames. (In 
all cases the cloth should be well 
boiled in water, to free it from 
dirt, starch, clay, or other filUng 
materia!, and to thoroughly wet 
the fibers before use.) These 
frames (see Fig. II) are made of 
pine about 16 or 18 inches square, 
and the legs are of sufficient 
length (about 16 inches) to al- 
low a 4-gallon stoneware crock 
""■ "' to be passed under. A few 

smaller frames will also be found convenient. The filtering 
cloth best suited to these frames is common unbleached sheet- 
ing, which should be torn in square pieces about 3 inches 
longer on the side than the width of the frame to be used. 
This allows for shrinking when the cloth is boiled, and yet 
leaves sufficient " bag," when placed on the frame, to hold a 
considerable amount of the liquid to be filtered. The cloth 
is fastened to the top of the frame by copper tacks, placed 
at intervaLs of from 2 to 4 inches, according to the character 
and weight of the liquid and residue. The cloth must not 
stretched tightly over the top of the frame, but allowed to 
form a deep " bag." It ia advantageous to keep the filter full 
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of liquid while filtering, as the process is then more rapid and 
oxidation or other change less likely to occur. As a general 
rule, masses of liquid and precipitate amounting to less than 
two liters should be filtered in funnels. Larger quantities 
of liquor, containing very small amounts of sediment, may 
often be filtered in funnels also ; but if the bulk of the sedi- 
ment amounts to much over 1 to li liters, the filter frame should 
be used. 

Whenever hot solutions are to be filtered, it is necessary to 
fill the cloth filter with boiling water immediately before using, 
and allow this to run through for about a half minute. Then 
throw away what water remains in the filter, quickly place the 
stand over the receptacle intended for the filtrate, and pour in 
the solution to be filtered as rapidly as possible until the filter 
is full. If this proceeding is omitted, the cold filter cloth may 
chill the solution and cause crystals of the salt to form in the 
filter itself, which is thus rapidly clogged, and filtration becomes 
exceedingly slow. When such a mishap occurs, time is saved 
by transferring the liquid to a dish, and pouring boiling water 
into the filter, or, if possible, blowing free steam into it until 
these crystals are dissolved. Then the filtration must be 
started again, after heating both liquid and filter as above 
described. 

Frequently when a turbid liquid is poured into a cloth filter, 
the filtrate will run through turbid at first. In such cases pour 
the liquid to be filtered, rapidly into the filter until this is full, 
and catch a few cc. of the filtrate in a casserole, at intervals of 
about a minute, until it is found that it runs clear. Then push 
a clean receiver under the stand and return the turbid filtrate 
to the filter. By the exercise of care and patience clear filtrates 
may be secured even in very obstinate cases. One of the most 
frequent causes of turbid filtration with cloth filters is the prac- 
tice of students of scraping or rubbing the cloth with spatulas, 
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stirring rods, etc., with the idea of making the process more 
rapid. This proceeding mil invariably result in turbid 
filtrates. 

In many cases it is advantageous to use two cloths on the filter 
stand, — one fastened with tacks and the other laid loosely on 
it, to receive and hold the sediment. By this means the pre- 
cipitate may readily he removed from the stand, washed by 
decantation {p. 20), and returned to the filter. In the case of 
slimy precipitates, frequent removals for washing become 



In technical work, filter bags of felt or woolen cloth are 
sometimes used when greater thickness of filtering material is 
needed than is offered by linen or cotton cloth, or when the 
liquid ia of a nature to destroy or corrode vegetable fiber. For 
liquids having destructive action on vegetable and animal 
matter, the use of asbestos, slag wool, or glass wool becomes 





Asbestos and slag wool should l>e treated with acid 
and well washed before using, to remove soluble lime, iron, or I 
other salts which might contaminate the filtrate. Grlasis wool ■ i 



FILTRATION, 13 

is too expensive for general use, and in but few cases will its 
employment be necessary in the preparations in this book. 

A plug of cotton wool, long-fiber asbestos, or glass wool 
loosely inserted in the neck of a funnel will often serve to 
remove sediment from a liquid rapidly and neatly. 

Occasionally it is necessary to keep the temperature of the 
liquid in the funnel as high as possible during filtration. To 
do this an ordinary hot-water funnel is advantageous. This 
consists of a glass funnel, surrounded by a tin or copper jacket 
containing water, which is kept hot by the flame of a lamp 
under a projecting arm of the jacket. (See Fig. III.) Or the 
funnel is surrounded by a coil of copper, iron, or tin pipe, 
through which steam or hot water flows. (See Fig. IV.) 

Filtration by Suction. 

In order to gain time in filtering, it is often customary in 
laboratory work, and sometimes on a technical scale, to apply 
suction to the under side of the filter, thus forcing the liquid 
through by atmospheric pressure. In laboratory work on a 
small scale, the use of a glass or brass water-jet suction pump 
is very general. This will be assumed as the source of vacuum 
in the subsequent preparations. To make these pumps work 
successfully a good pressure on the water pipe is necessary. 
With e,g. forty pounds water pressure, the pump should give 
a vacuum of from 50 to 65 cm. of mercury when exhausting a 
vessel of two liters' capacity. 

Funnels with paper filters, supported by cones of platinum 
or hardened paper, together with the ordinary filtering flask 
with side tube (see Fig. V), may be used with these pumps. 
But for most of the following preparations where suction is 
to be employed, one or the other of the methods given below 
will a£ford the best results. 
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The porcelain filter funnel, invented by Dr. Biieliner (se 
Fig, V), is fitted to a common filtering flask by slipping a j 
short piece of three-quarter-inch rubber tubing over the steni j 
of the funnel, inserting it in the neck of the flask, and pi-esaing I 
it down so that the rubber makes an air-tight joint. Then a 
circular-cut filter of paper or cloth of exactly the game diameter 
ss the perforated plate is carefully adjusted on this plate, 
taking care that there are no creases, and that the edges are all 
horizontal. The filter is then wet with distilled water, connec- 
tion is made with the pump, and the suction turned on. After • 





the suction is turned on fill the funnel to within a quarter of an 1 
inch of the top with the liquid to be filtered. If filled Se/ore the 
suction is turned on, the filter will l)e displaced by the liquid j 
when it is poured in. 

Should the first runnings be turbid, it is usually because the J 
pores of the filter have not been sufficiently closed by the i 
wetting to retain the finer particles of the sediment ; but after I 
a short time the pores will he closed by the solid matter and I 
the filtrate will run clear. Now loosen the funnel from the I 
filter flask to relieve the vacuum, and remove it entirely (letting I 
the pump continue its suction), pour out the turbid filtratCi J 
rinse the flask with a little water, and replace the funnel. Ii,l 
however, the filtrate does not run clear after a few moments^j 
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it is because the filter has not been properly fitted, — a crease 
has formed near the edge, or a hole has been made in the filter 
paper. 

A modification of this method consists in using in an 
ordinary glass funnel the amall perforated glass or porcelain 
plates invented by Dr. O. N. Witt. {See Fig. VI.) But these 
afford a small filtering surface, and are difficult to fit snugly 
against the funnel walls. They are very good, however, for 
supporting an asbestos or glass-wool filter. 

The apparatus for the following method of filtration, de- 
vised hy J . W. Smith. F. C. S,, of the Massachusetts Institute 
of Technology, can be fitted up very simply and inexpen- 
sively. An ordinary 5 or 6 cm. glass funnel is covered with 
a piece of cloth drawn tightly across its mouth, the edges of the 
cloth being brought together and tied with a string closely 
around the stem at the base of the funnel. The stem of the 
funnel is then inserted in one end of a piece of rubber tubing 
about 50 cm. long. The other end of the tubing is connected 
with a bent glass tube which passes through a two-hole rubber 
stopper in the neck of an ordinary two-liter narrow-mouth 
bottle. By means of the second hole in the stopper, connec- 
tion is made with the filter pump. A piece of filter paper is 
then laid on the cloth over the funnel mouth and moistened 
with water. The suction is then started and the paper drawn 
snugly against the cloth and edges of the funnel. The exce.ss 
of paper outside the funnel's edge is then carefully torn away, 
leaving a smooth disc of paper entirely covering the mouth of 
the funnel and backed by the cloth. Holding the funnel by 
the stem, its mouth is carefully inserted in the liquid to be 
filtered, without disturbing any sediment which may have 
settled out. If the suction be very strong, the cloth over the 
mouth of the funnel and the paper covering it will cup a little, 
and it is necessary to insert the funnel into the liquid with 
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care, to avoid enclosing an air bubble, which would retard fil- 
tration very much. By introducing the funnel with its stem at 
an angle of 45° to the surface of the liquid, this difficulty may 
be avoided, and the filtration proceeds uormaUy, This may be 
called an upward filtration, for the liquid ia drawn off from 
above the sediment. The advantages of this method are : the . 
poi'es of the filter are not so quickly clogged, large quantitieaj 
of solution may be filtered rapidly, and the process may 1 
instantly stopped at any time by removing the funnel. 

Unglazed earthenware balloons may be used in a similar 
manner to the small funnel above described, but without cloth 
or filter paper. The sediment collects on the outside of the 
baUoon, while the liquid percolates through the interstices of 
the unglazed clay. These work very well, especially for very 
fine sediments, if a powerful suction be accessible, but are 
not so rapid nor easily managed as the apparatus already 
described. 

Suction may be applied when filtering with asbestos, cotton 
or glass wool, if these substances are supported by perforated 
plates or cones. 

FlLTKATION BY PRESSURE, 

Filti-ation by means of the filter press is the mode generally 
employed in manufacturing operations, but these maeliines are 
not well adapted for use in such small work as laboratory 
experiments. There are small filter presses in the market, . 
purporting to be for laboratory use, but the following muoli I 
simpler form of pressure apparatus will generally be found 1 
more convenient, except when veiy high pressures are | 
desired. (Fig. VII.) 

This consists of two perforated porcelain plates about 15 cnuJ 
in diameter, separated by a rubber ring about 1 cm. thick, aadi 
fastened together by screw clamps. A short glass tube co 
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catfcs with the interior of the cell thus formed, and is 
joined to an upright glass tube about 2 m. high, by 
means of a piece of rubber tubing about 15 cm. long, 
which is provided with a pinch cock. A funnel is 
fastened totlie upper end of this upright glass tube by 
a short rubber connection. The inner surface of each 
pei-forated plate is covered with a piece of cloth and, 
if desired, with a piece of filter paper also, the rub- 
ber ring is placed between the plates, and the clamps 
adjusted till the apparatus is tight. A tray or trough 
is placed under the cell to receive the filtrate, and 
the funnel and upright glass tube are filled with 
water. The pinch cock is then opened and the water 
allowed to flow until its level just sinks within the 
funnel stem. This will show whether the apparatus 
is tight and in working order, will moisten the filter 
paper and cloths, and expel all the air. The cock 
is then closed, and tlie liquid to be iiltered is 
poured into the funnel. On opening the cock the 
contents of the funnel flow down into the cell, and 
the liydrostatic pressure forces the liquid through 
the filter, leaving the precipitate in 
1^ ^^\^ ^- '7 the form of a cake in the cell. 
^g?y^\0^' // As the last of the turbid liquid 
'f^\i^^^^^if passes from the funnel into the ver- 
iw^^S^y tical tube, water is poured into the 

r/U^^f^. funnel. This maintains the hydi'o- 

W^^// \S. static pressure and washes the cake 
JaT , ■**- j^- - of sediment. More water is added 
L^i^C^ j^ until the cake is washed sufficiently, 

_ w^ - when the apparatus is allowed to 

w^^ empty itself of the water, the cell is 

Pre. vn. taken apart, and the cake removed. 
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Cestrifugal Filteation. 

For separating motlier liquors from crystals, small centri- 
fugal machines [uove very convenient. (See Fig. VI 1 1.) 
These may be had from 2 to 4 
liters' capacity, and the smaller 
sizes are jirovided with two baskets 
— one of porcelain and one of 
tinned cojiper. If power be at 
hand, a larger machine, which has 
one large basket of tinned copper, 
will often prove useful. By lining 
the Ixujket with cloth, even very 
fine cryitdls may rapidly he freed 
from the mother liquor, hut the 
machine should never he used for 
fine non-crystalline precipitates. 

In ill cases the machine should 
he taken apart and well washed 
immediatdy after use. 




Pressing. 

Granular or crystalline precipitates may be very conven- 
iently freed from water by means of the knuckle-joint or screw 
press. Drain the precipitate in a strong cloth filter, fold the 
sides and ends of the cloth over the precipitate so that it can- 
not escape, and the pressui-e will be evenly distributed, and put 
into the press. By applying the pi'essure slowly and regularly 
the water may be driven out very thoroughly, leaving the pre- 
cipitate in a solid cake. Pressing in this way is frequently 
recommended in the following preparations. 
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DECANTATION. 

It often happens that a precipitate is of such a slimy nature 
that it soon chokes the pores of any filter, and filtration 
becomes exceedingly slow and tedious, even with powerful 
suction ; or the precipitate is of such a fine character that it 
passes through the filtering substance and turbid filtrates 
result. 

To overcome these difficulties a process known as decanting 
is frequently employed, as follows. The liquid is allowed to 
stand quietly for some time (determined by the nature of the 
sediment) until the solid matter has all subsided, forming a 
layer on the bottom of the vessel. By carefully tipping the 
dish a large part of the clear top liquor may be poured off with- 
out disturbing the precipitate ; or the clear liquid may be drawn 
off by the use of a glass or rubber tube as a syphon. The 
small amount of liquid remaining may then be filtered from 
the precipitate by any one of the various forms of filter with 
but little trouble. When the main mass of the precipitate 
settles but leaves a few flocks of sediment floating on the sur- 
face or scattered through the liquid, the liquid may be drawn 
off very advantageously by upward filtration, 
as described on page 15. 

Decantation is also very convenient in wash- 
ing certain precipitates to free them from 
soluble matter. Large quantities of water 
may be used at each washing and quickly 
drawn off after settling (p. 20). This process ^^' ^^ 

may be greatly facilitated by the use of decanting or preci- 
pitation jars. (See Fig. IX.) These are porcelain or earthen- 
ware jars with tubulatures at various heights on the sides. 
The tubulatures are closed by corks or rubber stoppera, and the 
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liquid carrying tho precipitate is poured iii. The stoppers are^ 
removed from the orifices above the surface of the precipitate ' 
after it has subsided, aud the top liquid is altewtjd to run off, 

Deeantation is also employed for reiy corrosive or caustic j 
liquids which would attack tlie material of almost any filter. 



WASHING. 

The purpose of washing is to remove soluble matter mechani- 
cally enclosed among the particles of the precipitate. It is 
necessary, first, when the precipitate is to be used further, in 
which case this soluble matter would constitute an impurity in I 
the product, and therefore must be removed, even though it has I 
no value in itself; and second, when th.Q filtrate contains the I 
substance desired and the bulk of the jjrecipitate is more than a I 
very small fraction of the liquid filtered ; for soluble matter, iu t 
itself valuable, may be retained in the precipitate and so lost. 

The simplest method of washing is to pour water over the I 
precipitate as it lies on the filter, allowing the water to perco- j 
late through, carrying the soluble matter with it. It is gen- 
erally l)est to allow one portion of water to run through.J 
entirely before adding another. Tliis method is best employee 
when the wash waters are to be evaporated to recover the! 
soluble matter. In some cases the precipitate may be removed 
from the filter, stirred up with considerable excess of waterJ 
and poured back on the filter, this process being repeated i 
often as is necessary. 

Washing by deeantation is one of the moat efficient methodsj 
of removing traces of soluble matter from dense or heavy pre* j 
cipitates which subside quickly, so that the process is ver] 
rapid. Tlie precipitate is stirred up with a lai^e excess i 
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water in a decanting jar (p. 19) and allowed to settle, and the 
clear water is drawn off, the process being repeated as often as 
need be. 

When the filtrate contains a substance which is to be recovered, 
it is advisable to add the first two wash waters to the filtrate 
and evaporate all together. The subsequent wash waters are 
too dilute to be worth evaporating unless they contain very 
valuable salts, or are from large masses of precipitate, when it 
is customary to wash the sediment until the wash water reaches 
a gravity of from 1° to 2° Tw. (0.005 to 0.010 sp. gr.), and 
evaporate the combined wash waters. 

If the precipitate is the product desired, washing is continued 
until a test of the wash water, as it comes from the filter, 
shows no trace of soluble impurity. 

Crystals may be washed free from the mother liquor in the 
centrifugal machine by spraying a little water over them while 
the machine is in rapid motion, or by pouring a little water 
over them when they are in the draining cones. Cold water 
should always be used, and as little of it as possible, to avoid 
undue solution of the crystals. 

In the case of insolvhle precipitates and residues, it is gener- 
ally best to use hot water for washing, whatever the method 
employed. 



EVAPORATION. 

In Drder to obtain the soluble salts contained in a dilute 
solution, the liquid is evaporated to such a concentration that 
the salts will crystallize from it. Evaporation is also practiced 
to decompose or drive off undesirable substances present in 
the solution, or to remove certain volatile liquids from others 
of higher boiling point. 
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It may be carried on in several ways : by direct heating over 
free flame, or by steam coils, or by a steam, water, or sand 
bath, or in a hot air closet ; or by spontaneous evaporation in 
the open air, or in closed vessels (desiccators) over sulphuric 
acid, calcium chloride, caustic potash, or other water-absorbing 
substance. 

Solutions which decompose on heating in the open air may 
be concentrated in desiccatore, in which case the use of vacuum 
greatly accelerates the process, or at low temperatures (50° C. 
or less) in the warm closet. Active boiling over fi'ee flame or 
the use of a steam coil la the most rapid metliod of evapoi-ation, 
but should not be used for very concentrated solutions, as loss 
may occur through spattering or by decomposition or volatili- 
zation of the salt. As soon as saturation is reached it is safer 
to transfer the dish to the steam or water bath if the evapora^ 
tion is to be continued. In no case should a porcelain dish be 
placed over a lamp if there is a precipitate or mass of crystals 
on the bottom, unless the contents of tbe diab are stirred con- 
stantly and actively during the heating ; otherwise the dish is 
almost certain to crack. Solutions may be evaporated to dry- 
ness on the steam or water bath, without risk of breaking even 
the largest dishes or of loss from spattering. Due care must 
be exercised in the evapoi-ation of caustic alkali solutions in 
porcelain dishes lest the glaze be attacked if a certain concen- 
tration be exceeded. Dishes should he put where they will be 
free from dust during evaporation. 

Distillation under diminished pressure is occasionally em- 
ployed in preparation work, but very few of the subjects in 
this book require such treatment. When such is the ease 
directions will be given in connection with the experiment. 
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CRYSTALLIZATION. 



Crystals are cheraiciiUy homogeneous bodies having regular 
polyhedral forms. The tendency to form crystals is common 
to almost all chemical compounds under certain conditions, and 
the forms of the crystals are characteristic of the substance. 
Crystals may form from solution, from a fusion of the substance, 
or by sublimation. In a vast majority of cases crystallization 
takes place from solution. During its formation there is a 
tendency to exclude from the crystal all matter not homo- 
geneous with it. Hence, if the crystaUizatlon is not too rapid 
nor the solution too concentrated, this process is important as 
a means of pui-ifying salts. 

The liquor remaining after crystals of a salt have been 
deposited is called the "mother liquor." It contains much of 
the impurities present in the original solution and also con- 
siderable quantity of the salt which has not crystallized, the 
amount depending upon the concentration of the original solu- 
tion and the temperature at vphieh the crystallization took 
place. In the following preparations the concentration of the 
solution which affords the best crystals is stated in almost every 
case. In evaporating a solution to crystallize a certain salt 
from it, testa of its density should be made from time to time 
with a hydrometer (Density, p. 28), until the proper concen- 
tration is reached ; then, if large crystals are desired, the solu- 
tion is allowed to cool slowly where it will not be disturbed. 
By rapid cooling, especially if the solution is stirred, very fine 
crystals called crystal meal are formed. These small crystals 
are often preferred in technical work because of their ready 
solubility. 

If small crystals are desired and the solution contains no 
impurities, i.e. has been purified before evaporation, it is gen- 
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erally sufficient to evaporate it to saturation, which is shown ' 
by t!ie formation of a skin or pellicle over the surface. This 
peUicle is due to minute crystals of the salt separating out of 
the solution and floating on its surface. But no impure solu- 
tion should be treated in this way, because the crystallization 
is so rapid that particles of mother liquor and impurities become 
entangled among, and enclosed in, the crystals. 

The volume of the solution has a marked effect on the size 
of the crystal, a small amount seldom yielding large crystals 
even under the most favorable circumstances. When large 
crystals ai'e desired a considersible quantity of the solution, not 
too highly concentrated, must be set away where it will not be 
disturbed after evaporation and. allowed to cool slowly. Or 
if a small crystal is put into a small quantity of solution, set 
under a bell jar together with a dish of sulphuric acid to absorb 
the moisture, and allowed to stand for some days at the tem- 
perature of the room, the crystal will sometimes " grow " by 
accretions of the salt until it reaches considerable size. 

After evaporation, when the solution has reached the tem- 
perature of the room, and has remained at that temperature for 
several hours, the mother liquor is poured off from the crystals 
which are deposited on the sides and bottom of the vessel. 
The crystals are placed in a porcelain draining cone, or in a . 
funnel having a perforated porcelain plate in its throat, and are 1 
allowed to stand tmtil the adhering mother liquor drains away ; | 
or they are spread on poi'ous plates of unglazed pottery or on | 
filter or blotting paper which absorbs the moisture ; but this is | 
seldom practiced in technical work. Except when obtained I 
from a pure solution, the crystal? must be washed. (Se« 
Washihg, p. 21.) 

By evapoi-ating the mother liquor a second crop of crystals i 
is obtained, which, however, are not so pure as the first ; a j 
third or fourth crop of still less purity may be secured in tiha j 
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same way. Impure crystals are purified by redissolving in 
distilled water, and repeating the operation of crystallization. 
When some solutions are allowed to crystallize the phenom- 
enon of "creeping" is observed. This is especially true of 
ammonium salts and of some sodium and potash salts. Creep- 
ing is caused by the formation of minute crystals at the junc- 
tion of the surface of the liquid with the sides of the dish. 
The narrow space between the dish and the crystals forms a 
species of capillary passage through which the solution rises, 
and, evaporating, deposits its contents of dissolved salt on the 
upper end of the crystals already formed, increasing their 
length and extending the capillary passage. If not interrupted 
this process may continue until the top of the dish is reached 
and the crystals extend over the edge of the dish and down the 
outside. Creeping may be prevented by smearing the edge of 
the dish with a very thin layer of paraffine oil or vaseline, 
applied with the finger ; but care must be taken that this layer 
is very thin, or the contents of the dish may be contaminated. 
It is better to watch such salts carefully during crystallization, 
and by pushing such crystals as form above the surface back 
into the liquid, creeping may be controlled. While crystalliz- 
ing, such salts should not be left more than 24 hours without 
examination. 



DRYING. 



Crystals or precipitates forming a finished product must be 
thoroughly dried before being put into bottles, the method 
employed depending upon the character of the product. 

The laboratory should be fitted with a drying closet, prefer- 
ably one having several compartments which can be kept at 
constant temperature by steam coils or by hot air. About four 
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closets with temperatures ranging from 20° to 100° or 105° C J 
will be found convenient. A good circulation of air through | 
the closet is to be desiretl. Water baths and water-jacketed J 
drying ovens are often useful, but are rather too hot for drying J 
soluble precipitates or crystals containing any " water of J 
crystallization." Hot-air drying ovens heated by a lamp are not I 
safe unless the temperature may be controlled by a thermostat I 
or by very frequent readings of the thermometer and careful j 
regulation of the gas flame. If temperatures over 100° are ' 
desired, an ordinary copper-jacketed oven may be used, filling I 
the jacket with toluol, xylol, aniline, or napthalene, according j 
to the temperature desired, and placing a return cooler over the j 
opening where the vapors escape. 

Having been freed from the wash water as completely as 4 
possible by the suction pump (p. 13), or centrifugal machine 1 
(p. 18), the crystal mass or precipitate is spread in an even i 
layer about three-quarters of an inch deep on a plate of ordinary i 
double-thick window ghiss, talking care not to press the sub- j 
stance down, but to leave it as porous as possible. In the c 
of crystals or soluble precipitates the drying must be at as low" ' 
a temperature as possible, and therefore they must be put 
in the coolest part of the closet and left there several hours | 
before transferring to a warmer compartment. 

When the crystals contain "water of crystallization," they 
should be dried at a temperature not exceeding 30° or 40". 
The process is always attended with some difficulty. The ] 
ciystals on top may effloresce or even fall to powder before the 1 
main part of the mass is nearly dry. This is especially liable j 
to occur with such salts as sal soda, Glauber's salts, and borax, j 
which contain large amounts of crystal water. Frequent turn- 
ing over with a spatula may prevent this to some extent. Too J 
high a temperature in the drying closet causes the crystals tol 
melt Aovra in their own " water of crystallization " or other] 
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moieture present. When this happens the preparation is gen- 
erally lost by running off the plate, and besides, may thua con- 
taminate other substances in the closet. Consequently, it is 
\ necessary to examine it at very frequent intervals, 
1 once in every ten minutes, while it is drying, nntU 
L that neither efflorescence nor deliquescence is liable to 
occui'. But it is generally best to diy such crystals in the 
centrifugal as far as possible, and then spread them out in the 
open air for an hour or two, frequently turning over the whole 
mass ; or substances which deliquesce readily may be dried in 
desiccators over snlphui'ic acid or calcium chloride at the 
ordinary temperature of the room. A vacuum desiccator is 
very desirable for this purpose. 

When a substance is to be dried at a high temperature, e.g. 
in the preparation of an anhydrous salt, it may be heated in a 
dry dish over the steam or hotrwater bath until the " water of 
crystallization " is all expelled ; it should then be transferred 
to a glass plate, as above described, and dried in the drying 
closet at 110°, or higher, if convenient. If the mass cakes 
together it may be necessary to pulvei'ize it in a mortar and 
then return it to the closet until dry and powdery. 

Some salts must be carefully protected from fumes or inju- 
rious gases during drying. This is especially true of silver, 
lead, and mercury salts, which are blackened by traces of 
hydrogen sulphide in the atmosphere of the drying closet. 

In a few instances valuable preparations may be dried by 
spreading them on filter paper, which absorbs the excess of 
moisture, but this should not be done with lai^e quantities of 
the salt. Unglazed earthenware plates ("biscuit ware") are 
occasionally convenient for aleorbing moisture, especially in 
the case of organic substances containing oily or tarry admix- 
tures ; but in the following preparations there will seldom be 
occasion to use these special methods of drying. 
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In all cases the substance should be turned over two or t 
times while drying, and as soon as it is quite dry, removed fi 
the closet and bottled while still waiin. 



DENSITY. 

By density or specific gravity of a liquid is meant its relativi 
weight compared with the weight of an equal volume of pu: 
water. The determination of the density is one of the j 

frequent operations in chemical work. This may be doni 
with a pyknometer when very exact results are require! 
but in technical operations sufficient accuracy for i 
practical puiposea may be attained by the hydromete^ 
This is usually a glass instrument consisting of a cjlii^l 
drieal bulb weighted at the lower end and di-awn oun^ 
at its upper end to a long slender tube carrying a scaler 
(See Fig. X.) The graduations of this scale begin att! 
top and read down, the numerically greater reading! 
being at the bottom, except in one instance ^ — that oft'J 
Baum^'s scale for liquids lighter than water. Since' J 
the density of a liquid varies as its temperature changi 
the scale is adjusted in every case to a certain d 
temperature, usually about 15° C, at which determini 
tions must be made. 

When the hydrometer is put into a liquid, it aiiil 
FiQ. X, gufficiently to displace a volume of the liquid equal i 
weight to the weight of the instrument, and floats in an uprigW 
position. To determine the Hpeciflc gravity of a liquid 
means of a hydrometer, fill a hydrometer jar (Fig. XI) to thl 
shoulder with the liquid to be tested and bring to the propi 
temperature by standing it in cold water, if the test is to 1 
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Fig. XI. 



made at 15° C. Insert the hydrometer, holding it by the tip 
of the stem, and allow it to sink slowly until the displacement 
of the liquid is just sufficient to support the 
instrument, and let it float free from contact 
with the jar. The temperature of the liquid 
should be taken again to be sure that no change 
has occurred. The scale reading should be taken 
as nearly as possible where the surface of the 
liquid touches the instrument, but owing to the 
meniscus foi-med at the junction of the liquid 
with the stem, this reading cannot always be 
seen exactly. However, a little care and prac- 
tice will soon give sufficient accuracy for ordi- 
nary cases. In taking the gravity of liquids, 
especially if hot, to determine the crystallization point, the 
operation should be carried on as quickly as possible. 

Should the hydrometer sink so deeply into the liquid that 
the scale is entirely below the surface, the density is less than 
the spindle is intended to measure, and one having smaller* 
numerical readings should be inserted and the test repeated. 
If, on the contrary, the spindle does not sink deep enough to 
bring the scale into the liquid, an instrument having greater 
numerical scale readings must be used. 

Veiy accurate hydrometers may be purchased which afford 
exceedingly exact determinations, if properly used. A good 
instrument will give correct results to within 0.002 to 0.004 
specific gravity, but this is seldom required for technical pur- 
poses. These instruments furnish a rapid and convenient 
method of determining approximate density. 

Three systems of hydrometer scales are in common use, 
besides a large number of special scales intended to give one 

* Baum^^s hydrometer for liquids lighter than water is an exception. See 
p. 32. 
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particular factor in the density of the liquid ; e.g. the per cent 
of alcohol in a mixtui-e of alcohol and water, or the amount of 
sugar in a syrup, etc. But these special hydrometers are not 
called for in any of the preparations in this hook. 



Direct Specific Gravity Hydrometer. 



This instrument is so constructed that the reading on its! 
scale shows directly the density of the liquid as compared with 
pure water at the same temperature (15" C). Its scale is 
adapted to liquids heavier or lighter than water. The point to 
which it sinks in pure water at 15° is marked 1.000 on the 
scale. As usually furnished, a set of these hydrometere eon- 
aista of four spindles, the scale being thus divided into four 
sections. The first spindle, with gradations from 0.700 to 
1.000, is for liquids lighter than water, and the others are for 
liquids heavier than water. The scale is usually divided about 
as follows : 1.000 to 1.300 on the second spindle, l.SOO to, 
1.600 on the third, and 1.600 to 2.000 on the fourth. 

It will be observed that the gradations at the top of ei 
spindle are wider apart than those at the bottom of the stem,jl 
rendering the reading somewhat more diiRcult in dense Iiqui( 
than in those of lighter gravity. 



I 

bh a 



Twaddbll's Hydrometer. 
This is also a system of direct-reading hydrometers, and ia t 
series of spindles (usually six in numbei'), carrying gradation) 
from to 174. The reading in pure water at the temperatui 
of 15.5" C. is taken as 0, and each subsequent raise of 0.001 
sp. gr. is recorded on the scale as one additional divisioi 
Thus 10 Twaddell becomes 1.050 specific gmvity. The grat 

* The ezpltLnation of thiB diSerence may be found In the larger works cm 
phjaica. 
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tions on this scale also become closer together as the density 
increases, but as its total length is divided among six spindles, 
the reading is not so difficult even at the highest densities. 
The instruments are small, the gradations on each stem occupy- 
ing about 3 linear inches, so that it may be used easily in an 
ordinary 100 cc. measuring cylinder. For these reasons, being 
easy to read, requiring but a small quantity of the liquid to be 
tested, and permitting a ready conversion of its readings into 
specific gravity by a very simple calculation, this is the most 
convenient hydrometer for ordinary factory or laboratory use. 
It is the instrument used in all determinations of density of 
liquids in this book, but in each case the corresponding specific 
gravity is inserted in parentheses. 

The rule for the conversion of Twaddell readings into 
specific gravity is as follows : Multiply the readings obtained 
by .005 and add 1.000 to the product. Thus, 15 Twaddell 
becomes 1.000 + (15 X .005) = 1.075 specific gravity. 

The readings of these instruments are corrected to a tempera- 
ture of 15.5° C. (60° F.). 

Unfortunately, Twaddell's scale is not adapted to liquids 
lighter than water, and for these specific gravity hydrometera 
may be used. 

The use of the Twaddell hydrometer affords a ready means 
of determining the approximate quantity of water which should 
be added to a solution of a given gravity to produce one of a 
required density, the temperature remaining the same in both 
cases. Thus, given a solution at 50 Twaddell it is required to 
reduce it to 20 Twaddell. 1 cc. of solution at 50 Tw. contains 
as much dissolved matter as 50 cc. of the solution at 1 Tw. ; 
or 20 volumes at 50 Tw. equal 50 volumes at 20 Tw. Hence, 
if the volume at 50 Tw. equal 1, the volume at 20 Tw. is |g of 
1, or 2i times the volume at 50 Tw. Therefore, it is necessary 
to add li volumes of water. 
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Badm&'s Hydrometer. 

This is ail utterly unscientific instrument which is very 
largely used in technical work. Its readings are meaningless 
aud bear no very direct relation to true specific gravity, 
Baum€ dissolved 15 parts of pure salt in 85 parts of pure 
water at 12.5° C. Then he placed his instrument in this solu- 
tion, and the point to which it sank was marked 15. The 
point to which it sank in pure water was marked 0. Then the 
distance between these points was divided into fifteen equal 
parts, and the entire stem marked off in divisions of this width. 
This produced an instrument for liquids heavier than water. 

For liquids lighter than water the point to which the iastrit 
ment sank in a lOjfc solution of salt was marked 0, and that 
which it sank in distilled water was marked 10, the distant 
between these points being divided into 10 equal parts, ai 
this giadation continued the entire length of the spindle. Tl 
thus being placed at the bottom of tlie stem, the Ui/hter ti 
gravity of the liquid tested the greater, numerically, 
the reading of the scale. For instance, a liquid reading T' 
B6. is of less density than one of 50 ISe., which, in turn, ui 
lighter than water at 10 Be. 

To further complicate matters, tlie instmment makers appefur- 
to have become confused and produced instruments with 
neous scales, A test* made a few years ago discovered aoi 
thirty-four different scales, none of which were correct ! 

The conversion of Baume readings to sp. gr, involves some 
calculation, and is usually accompHshed by reference to tables. 

There are two formulae for this conversion, one in common 

use in England and the other in America. 

144.3 ,^ v ^.^ 145 ,. . . 
- (English.) — — (American.) 



\ 



144.B— B 



145 — Bi. ' 



•C. P. Chandler, " I'roc. NaL'l Acad. Sciences." 
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Pyknometer. 

This instrument will not be required for determining density 
in this work, but a description of it may not be out of place. 
It consists of a small bottle, having ground into its neck a tube 
drawn out to a capillary at its middle 
and enlarged at its upper end, which is 
closed by a stopper. (See Fig, XII.) 
The stopper is removed and the bottle 
filled brimful with the liquid to be 
tested ; the tube is then inserted and 
pressed firmly home, the liquid displaced 
rising through the capillary to the en- 
larged part of the tube. The stopper is 
then loosely inserted and the bottle 
placed in a bath at the temperature at 
which the density is to be taken, and 
left there until it^ contents has reached 
that temperature. The stopper is then 
removed and the liquid in the reservoir 
removed by means of absorbent paper, until the level of the 
liquid recedes within the capillary to a fixed mark thereon. 
The stopper is then tightly inserted and the bottle removed 
from the bath, and after cleaning and drying its outside, allowed 
to stand until it reaches the normal temperature of the room. 
It is then weighed, and the density of the liquid is calculated 
from its known volume, previously determined by calibration. 

There are other methods of determining density, but their 
use will not be necessary in these preparations. 



Fig. xn. 
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CALCINATION, 

Calcination or ignition consists in heating a substance to a 
sufficiently high temperature to cause some change in its 
chemical composition or to expel some volatile constituent. 
It is carried out in crucibles, muffle furnaces, or reverberatories. 
The precautions to be taken are generally mentioned in connec- 
tion with those preparations requiring the employment of this 
operation. Flat dishes of infusible clay can be had for the 
purpose of roasting small quantities of material. But if the 
charge requires much stirring, shallow pans of sheet iron may- 
be used ; or in some cases the charge may be spread directly 
on the floor of the muffle. For charges amounting to several 
pounds in weight, a small reverberatory or a revolving furnace 
will often be found convenient. 



PULVERIZING, 

It is almost always necessary to grind a mineral or other 
solid to a fine powder when it is to be dissolved or treated with 
any reagent. This is accomplished by passing it through a 
crusher and then through some kind of a grinding machine. 
Substances containing iron, or those from which iron impurities 
can be separated readily, are often powdered in a common iron 
mortar ; but whenever iron would cause troublesome contami- 
nation, a porcelain mortar must be used. Large lumps may be 
broken by wrapping them in several thicknesses of stout paper 
and crushing them on an anvil by one or two sharp blows with 
a hammer. In this way very little contamination of the sub- 
stance occurs. The small lumps so produced may be powdered 
in the mortar. 
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Soft material may be powdered by rolling on a board with 
lui ordinary wooden rolling-pin or by pounding with a wooden 
mallet. For grinding considerable quantities of material, large 
porcelain mortars, eight inches or more in diameter, should be 
used, but for fine grinding of hard material, such as minerals, 
bones, etc., one of the various forms of pulverizing mills or 
crushing machines is recommended. Sometimes hard minerals 
may be pulverized by heating and dropping into cold w"ater 
while hot. The coarse sand thiis produced is then ground in 
the mortar. 



GENERAL DIRECTIONS. 

The following directions should be carefully read and 
remembered by the student, for tbey apply to all preparations 
and laboratory work. Disregard of any one of them usually 
causes loss of time or the spoiling of an experiment, and, fi'e- 
quently, broken dishes and apparatus. 

1, Read each experiment through carefully before beginning 
the actual work, especially noting the precautions given. 
Make all calculations of quantities of material, and be sure 
that all figuring is correct, and that each step in the process is 
thoroughly understood before a gi-am of material is weighed 
out. Also see that the necessary apparatus is at hand, so that 
no needless delay may occur after the work is once stai-ted. 
Every prepaiation should be canied thi'ough to completion as 
rapidly as is consistent with cai-eful work. In this way the 
liability to accident and contamination is much reduced. But 
the student should accustom himself to carrying on two or 
three preparations at once, so that no time may be lost while 
waiting for evaporation or crystallization. 
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2. The student should keep a neat and legible note-book in! 
which to enter notes as the experiment progresses. Thete muat, 1 
not be left to be " written up " later. Enter all thermometer, 
hjiirometer, burette, and scale readings, and all weights ajid \ 
measures of material, ag soon as made. In nearly every prepa- 1 
ration the reactions involved are given ; using these and the J 
tables in the appendix as bases, the student should determine. I 
how much material, reagent, water for solution, acids, etc., are- 1 
needed and the amount of the theoretical yield, and enter the i 
calculations in full in his notes. On completion of the experi- I 
ment, enter the actual yield obtained. The quantities given at f 
the beginning of each experiment are in most cases only I 
approximate and intended as a guide. In all cases involving f 
the use of crystallized salts, account must be taken of " water J 
o£ crystallization," if any is present. Exact account must be 1 
kept of all materials added during the progress of an experi- 
ment, and their effect on the ultimate yield shown in the notes ;. 
also any accident which may occur and its probable effect on J 
the result, 

3. All dishes, flasks, beakers, and otlter apparatus should be] 
marked with the student's name as soon as taken from the desk ; 
also with the symbol of the substance contained in them.' J 
This is especially important when dishes are left containing 1 
solutions to evapoi'ate or crystallize, or when two or three I 
experiments are being canied on simultaneously. 

4. All evaporating dishes should be weighed empty and the- 1 
weight recorded in the note-book, as it is often desirable to I 
calculate e.ff. the amount of water contained in a solution after M 
evaporation has proceeded to a certain point, or how muoh'f 
water has been evaporated out. 

5. Much care aa to cleanliness is very essential in chemic^ 
preparation work. Protect all preparations from dust, from 
apatteringa from other work, and, aa far as possible, from fumei 
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such as hydrogen sulphide or hydi'ochloric acid. All experi- 
ments in which copious fumes or vapors are evolved should be 
carried on under the hood, to avoid contaminating the air of 
the laboratory. Dishes and apparatus must be washed as soon 
as emptied and put away clean ; they must also be washed 
and wiped clean and dry before using. Apparatus for general 
use in the laboratory, such as draining cones, hydrometer jars, 
measuring cylinders, centrifugal machines, presses, etc., must be 
cleaned thoroughly immediately after using. They should be 
examined in every case before using to see that they are clean. 

6. In no case should a dish containing a heavy precipitate 
or undissolved substance in a liquid, be heated directly over 
the lamp, unless the contents be actively and constantly stirred. 
Otherwise the dish is almost certain to be broken. For the same 
reason an evaporating dish of more than 10 inches diameter 
should never be heated over a free flame, unless it contains at 
least 500 cc. of liquid ; the outside of a dish must never be 
wet when put over a free flame, nor a cold liquid poured into 
a dry, hot dish nor into a very concentrated solution of a salt 
when boiling. 

7. When digesting substances on the steam bath or over 
the lamp, be careful to replace the water evaporated from the 
solution, keeping the volume constant. Whenever it is neces- 
sary to add water to a hot solution, always add hot water, thus 
avoiding unnecessary cooling of the solution and also the risk 
of breaking the dish. 

8. When effervescence occurs in dissolving or neutralizing 
a substance, as, for example, in adding an acid to a carbonate, 
always add the material slowly, in small portions at a time 
while stirring actively, waiting until the frothing subsides 
before adding the next portion. Neglect of these precautions 
generally results in sudden and violent effervescence, causing the 
contents of the dish to froth over, and entailing considerable loss. 
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9. Never throw away any mother liquors or residues until all 
valuable products have been extracted from them. If possible, 
keep all such material until the experiment is finished or until 
assured that no further use can be made of them. One of the 
chief aims of these preparations is to show how by-products may 
be utilized. 

10. Have all bottles intended for the preservation of finished 
products clean^ dry^ and cold before putting the salts into them. 
A wet bottle will spoil a deliquescent preparation that has been 
days in drying, or salts containing water of crystallization may 
melt if put into a warm bottle. 



ALUBUNVM CHLOKIDE. 

(Anhydrous.) 



AICI3 (or AlaClg). • M.W. = 133.5. 

(a) Break up some pyrolusite into lumps as large as can be 
passed through the neck of a 1000 cc. round-bottom dask A, 
Fig. XIII, and fill it about one-quarter full. Through the two- 




hole rubber stopper pass a thistle tube and a glass delivery tube 
to connect with the first of the two wash bottles, as shown 
B, B, Fig. XIII. Put some water into the fli-st bottle to 
absorb any hydrochloric acid gas which may come over, and 
concentrated sulphuric acid in the second to dry the chlorine 
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thoroughly. Join a piece of hard glass tubing C about 35 cm. 
long and 1^ cm, internal diameter, to the second wash bottle 
with a piece of delivery tube and a cork, as shown in the 
figure. 

Join the other end of this glass tube to the receiver D by I 
means of a cork. From the smaller tubulature of the receiver, 
make a connection with the hood by means of a long piece of 
wide (10 mm.) delivery tubing, or lead this tube out of the 
window, where the escaping fumes of chlorine will do no harm. 
Into the combustion tube C put 5 grams of aluminum chips 
or turnings, which have been washed with ether or gasoline to 
remove oil, and then thoroughly di'ied. Place these chips near 
the end of the tube where the chlorine entei^s, the larger part of 
the tube being kept clear. By tapping the outside of the tube 
gently with the finger or a lead-pencil the chips will settle 
together, leaving a clear space above them for the free passage ' 
of chlorine gas. 

When all the apparatus is tightly joined together, pour 
sufficient concentrated C, P. hydrochloric acid (sp. gr. 1.20) 
into the flask A to nearly cover the pyrolusite. Warm gently , 
until a vigorous but steady evolution of chlorine gas is « 
tabliahed. Allow the chlorine to pass through the apparatus 
until aU the air ia expelled, and then heat the combustion tube ( 
C containing the aluminum, at the end nearest the inlet for j 
chlorine. The contents becomes red-hot, and then begins to 
glow and scintillate as the reaction takes place. The aluminum J 
chloride sublimes over into the cool end of the tube, where it A 
condenses as a pale yellow sublimate. 

Continue the heating aa long as the residue glows. When 1 
on prolonged heating it becomes black, remove the lamp and 
allow the tube to cool somewhat, while the stream of chlorine i 
continues to pass through the apparatus. Theu disconnect the j 
combustion tube while still warm, and rake out the aluminum j 
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chloride with a glass rod, being careful not to mix any of the 
residue with it. The aluminum chloride should be received at 
once into a perfectly dry bottle, which has been previously 
weighed with its stopper. All moisture mu%t be avoided, and 
the transfer from the tube to the bottle must be made as quickly 
as possible after disconnecting the tube. The combustion tube 
C may be recharged at once with another 5 grams of aluminum 
and the process repeated, first emptying the spent acid * from 
the chlorine generator and replacing it with fresh acid. The 
pyrolusite should last through several rechargings with acid. 
After several rechargings with aluminum, or at the end of the 
experiment, the fine deposit of aluminum chloride in D may be 
raked out with a glass rod and put with the other. 

Reaction : 

Al + Cl8 = AlCl3. 

The yield from 10 grams of metallic aluminum is from 35 to 
38 grams of pure aluminum chloride. The residue in the tube 
consists of aluminum oxide and impurities in the metal. 

The bottle containing the preparation must be very tightly 
stoppered, and care must be exercised in opening it, since very 
considerable pressure is accumulated, probably due to the hydro- 
chloric gas set free by the action of the moisture in the air upon 
the aluminum chloride. 

(b) For the preparation of larger quantities of the anhydrous 
salt, to be used in organic syntheses by Friedel and Crafts' 
method,! the author has found the process devised by Gatter- 
mann J exceedingly satisfactory. This does not yield quite so 
light-colored a product as does the preceding method, but it is 
sufficiently pure for synthetical work. 

* This solution of manganous chloride should be preserved and used in the 
preparation of that salt, as described on p. 185. 
t Compt. Rend. 86, 1368 ; 92, 833. 
X Ber. 1892, 3521. 
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Put 1500 cc. of concentrated hydrochloric acid (sp, gr. j 
into a 3000 cc. round-bottom flask A. Fig. XIV". Pass the 
stem of a 200 cc, separatory funnel through the rubber stopper, 
the point of the stem being about two inches below the stopper, 
and 80 arranged that concentrated sulphuric acid (sp. gr. 1.84) 
may be dropped into the hydrochloric acid without its running 
down the sides of the flask. The glass delivery tube must \ 
connected closely with the two gas wash bottles B, B, Fi^ 
XIV, each containing concentrated sulphuric acid (sp. gnS 




1.84). Select a combustion tube of large diameter (18 mm 
and about 10 cm. longer than the combustion furnace C to I 
used. Draw out one end of this tube in the blast lamp to ({ 
taper about 15 em. long and 5 mm. diameter at the small emJi 
Pass the other end of the tube through the cork of the bott 
D, fitting it snugly and allowing the end to extend ouly 2 to I 
mm, into the bottle. Through this same cork pass an outlet tub 
E of soft glass, having a diameter of 1 em. and extending t 
within 3 cm. of the bottom of the bottle. The free end of thi 
outlet tube should be extended into the hood or out of dooi 
and if possible, so arranged that a glass rod or a biiiss or coppi 
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wire may be passed through it to push back into the bottle any 
deposit of aluminum chloride which might tend to clog the 
outlet tube. 

Put a loose plug of asbestos into the combustion tube at the 
baiie of the drawn-out end, and then pour in aluminum turn- 
ings (previously freed from oil) till the tube is ^ or ^ full. Put 
in another loose asbestos plug, and lay it on a table or hold it 
horizontally in the hand, and tap it gently till a clear passage is 
secured, over the chips, throughout the whole length of the 
tube. Place the tube in the combustion furnace C, with the 
clear passage uppermost, and join the drawn-out end with the 
gas wash bottle B by means of a shoi-t rubber connection. 
Bring the bottle D up in a horizontal position so that its 
mouth is closed tightly by the cork carrying the combustion 
tube and the exit tube. It is best to so arrange the cork that 
both tubes shall lie in the same horizontal plane about on a line 
with the median section of the bottle. (In the figure these are 
shown in the vertical plane.) When all is tight and ready, put 
some conceutrated sulphuric acid (sp. gr. 1.84) into the separar 
tory funnel, and let it drop rather rapidly into the hydrochloric 
acid in the flask A. After about 75 to 100 cc. have been thus 
introduced, the temperature of the flask begins to rise, and soon 
a copious evolution of hydrochloric acid gas begins, which can 
easily be controlled by regulating the dropping of the sulphuric 
acid. Allow the strong stream of hydrochloric acid gas to run 
through the apparatus for from 10 to 15 minutes until all the 
air ie expelled from (he bottles which is usually shown by the 
escape of acid fumes into the hood at the open end of the out- 
let tube. JVbt until now should the burners of the furnace be 
lighted, otherwise an explosion may occur. Heat the tube 
slowly, burning a low flame on all the burners, but presently 
raise it to a low red heat at the inlet end, and keep it so 
until the metal has nearly all been converted into aluminum 
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chloride and sublimed away. Turn the hurners on by twos 
and threes as the metal slowly bums away until all of it has 
been converted and passed over into the bottle. Be careful not 
to heat the aluminum hot enough to cause fusion into globules, 
for then the action of the hydrochloric acid gas becomes 
exceedingly slow and tedious. The stream of gas must be 
fairly rapid, and the outlet tube must not be allowed to 
become clogged with a deposit of aluminum chloride. It is 
generally necessary to heat the tube between the furnace 
and the bottle D with a Eunsen lamp. The cork may be 
protected from burning by an asbestos plate, perforated and 
slipped on the combustion tube before passing this through 
the cork. 

Should the stream of hydrochloric acid gas passing through 
the drying bottles suddenly cease while the sulphuric acid is 
being rapidly dropped in, clogging may be suspected at once. 
By disconnecting the short rubber tube between the second 
bottle B and the combustion tube, it may easily be determined 
if such is the case, or if the hydrochloric acid solution has be- 
come exhausted. In the former instance clean the outlet tube 
with a copper or brass wire or glass rod, or clean the combus- 
tion tube by heating rapidly where the clogging is supposed to 
be. If these means fail to clear the apparatus, it is best to stop 
the experiment and determine the yield of aluminum chloride, 
such as it may be. Partially corroded aluminum turnings do 
not seem to work satisfactorily when placed in the furnace a 
second time. 

As soon as the experiment is ended, disconnect the bottle 
containing the aluminum chloride from the perforated cork at 
once, while still warm, scrape the chloride adhering to cork, 
combustion tube, and outlet tube into the bottle, stopper or 
cork tightly, and place it in a desiccator over concentrated sul- i 
phuric acid for keeping. 




rated sul- ^| 
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The advantages of this process are the easy control of the gas 
stream and the usually better yield than from (a). Under favor- 
able conditions from 190 to 200 grams of aluminum chloride 
may be obtained from 50 grams of aluminum. 

A modification of this apparatus may sometimes be employed 
by substituting for the flask and separatory funnel an ordinary 
Kipp's generator, charged with sublimed ammonium chloride in 
lumps and with concentrated sulphuric acid. 

Properties : 

Anhydrous aluminum chloride is a white crystalline sub- 
stance, taking a yellow tinge when traces of iron are present. 
It has a strong odor of hydrochloric acid. When exposed to 
the air it gives off hydrochloric acid, attracts moisture, and 
finally deliquesces. It is soluble in 1.43 parts of water at 15° 
C. and also somewhat soluble in alcohol and ether. It sublimes 
unchanged below incipient red heat. 

It is frequently used in organic synthetical work to assist in 
the condensation of hydrocarbons, in which process water is 
eliminated. For this the aluminum chloride must be freshly 
prepared and as free from moisture as possible. 

Owing to slight decomposition on standing, by which gaseous 
hydrochloric acid is set free, considerable pressure is generated 
in the bottles in which the salt is kept. Hence, care should 
always be exercised in opening the bottles, especially after 
standing for some days, lest an explosion should occur. 

BuNSEN, Jahresbericht liber die Fortschritte der Chemie, 1865, 181. 
Mabert, Ber. 1889, 2658. 
Warren, Chem. News, 1887, 55-192. 
Gattermann, Ber. 1892, 3521. 
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2. ALUMINUM CHLORIDE.* 

(Crystallized.) 
AICI3.6 H2O. M. W. = 241.5. 

Prepare moist aluminum hydrate according to the method 
given on page 47, or from a solution of alum or aluminum sul- 
phate by precipitating with carbonate or bicarbonate of sodium. 
Wash the hydrate free from soluble salts, and dissolve it in 
dilute hydrochloric acid, using a slight excess of the acid over 
the amount necessary for complete solution. Evaporate it to 
crystallization on the water bath. Crystals having 6 HgO are 
obtained from the acid solution. 

Crystallized aluminum chloride is prepared technically by 
decomposing a solution of aluminum sulphate with barium or 
calcium chloride. 

Properties : 

The crystallized salt containing 6 HgO is soluble in 0.25 parts 
of water at 15° C. The saturated solution at the same tem- 
perature has a gravity of 70.4 Tw. (1.352 sp. gr.) and contains 
41^ of anhydrous salt. The salt decomposes when its aqueous 
solution is evaporated to dryness and heated gently. 

The solution is sometimes used as a disinfectant. 

♦BoNSDORFF, Pogg. Ann. 27, 279. 
Von Hauer, J. pr. Chemie, 80, 220. 
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3. AL.UMINXJJME HYDRATE. 

A1(0H)3. M.W. = 78. 

AI2O3.3 H2O = Al2(OH)6 = 2 A1(0H)3. 



Take of 



Cryolite (powdered), 1400 gr. 

Calcium carbonate (powdered), 2000 " 



Pulverize the cryolite as fine as possible, and mix it thor- 
oughly with fine marble dust according to the molecular pro- 
portions required in the reaction (see below). Heat the mix- 
ture at a high temperature for ^ or -| of an hour in a platinum 
dish or clay crucible. The mass sinters together, and, after 
cooling and removing it from the crucible, must be finely pul- 
verized and then extracted with boiling water. Traces of 
calcium salt held in the solution may be precipitated by adding 
a small quantity of sodium carbonate solution. Precipitate the 
filtered solution of sodium aluminate by passing a stream of 
carbon dioxide into it while it is still hot, or by adding a solu- 
tion of sodium bicarbonate. Wash the precipitated aluminum 
hydrate with plenty of hot water by decantation (p. 20), repeat- 
ing the i^rocess several times until the wash water is free from 
sodium carbonate.* 

The precipitated aluminum hydrate should be a white 
earthy powder, free from all impurity except a trace of sodium 
carbonate. This may be removed by digesting the aluminum 
hydrate with a solution of aluminum chloride, followed by 
repeated washings with water. The sodium aluminate solution 
may also be precipitated by carefully adding dilute hydrochloric 

* The sodium carbonate may be recovered from the filtrate and first wash 
water by evaporation (p. 21). 
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acid until the liquid is just acid. Wash the precipitated hydrate 
with warm water as above described. Dry in the hot closet. 

Reactions : 

NagAlFg + 3 CaCOg = Al(0Na)8 + 3 CaFg* + 3 GO^. 
2 Al(0Na)8 4- 3 CO2 + 3 H2O = 2 A1(0H)8 + 3 NaaCOg. 

Properties : 

Aluminum hydrate is a paste-like translucent mass when 
precipitated from solution by means of ammonia, but when 
thrown down by carbon dioxide or sodium bicarbonate the pre- 
cipitate is more or less granular. It may be used as the basis 
of other aluminum salts. It is dissolved by an excess of 
caustic alkalies forming salts known as aluminates (see above) 
which are very unstable bodies. 



4. ALUMINUM SULPHATE. 

^12(804)3-18 H2O. M.W. = 664.8. 

{a) Take of 

Bauxite, 500 gr. 

Sodium carbonate, 1500 '* 

Thoroughly mix 1 part of finely ground bauxite with 3 parts 
of anhydrous sodium carbonate, put a small quantity of the 
mixture into an iron crucible (No. 6), and heat to fusion. A 
violent evolution of carbonic acid occurs ; as soon as the fusion 
becomes quiet add a little more of the mixture, and allow it to 

* The calcium fluoride may be washed and dried and used as a blowpipe flux, 
or for the preparation of hydrofluoric acid. 
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come to a quiet fusion, repeating this till the crucible is I full. 
Heat the fusion at a bright red heat for about 2 hours, and then 
pour it into a shallow iron pan to cool. Grind the cold mass 
very fine, and extract it with distilled water for about an hour. 
Allow it to settle, and filter it. Add a little more water to the 
residue, and extract again. The filtrate is a dark-colored solu- 
tion containing sodium aluminate and some suspended matter 
which deposits on standing over night. Decant or filter this 
solution, and bring it to the boil. While boiling add sodium 
carbonate in small quantities until the iron is all precipitated^ 
as shown by tests filtered off, acidified with hydrochloric acid, 
and potassium ferrocyanide added. Then filter or decant. 
Precipitate the aluminum hydrate with sodium bicarbonate as 
described on page 47, taking care not to add an excess of the 
reagent. Wash the precipitate with hot water until free from 
sodium salts. Dissolve the precipitated aluminum hydrate in 
moderately dilute sulphuric acid, and evaporate to a density of 
40 Tw. (1.2 sp. gr.) in the hot solution and allow it to crys- 
tallize. No excess of acid should be used, for that would cause 
the product to be sticky. It is better to have a small amount 
of the aluminum hydrate remain undissolved by the acid even 
after long standing. 

Bauxite is a more or less pure mineral containing iron and 
aluminum hydrates. The composition is A1(0H)3 -|- xFe(0H)3. 
The quantity of iron present varies much. 

Reactions : 

2 A1(0H)3 + 3 NagCOg = 2 Al(NaO)3 + 3 COg + 3 HgO. 

Al(NaO)3 + 3 NaHC03 = A1(0H)3 + 3 Na2C03. 

2 A1(0H)3 + 3 H2SO4 + 12 H2O = Al2(S04)3 + 18 H2O. 

The solution of sodium aluminate may be precipitated by 
passing in carbonic acid gas as described on page 47. The solu- 
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tion of aluminum sulphate may be evaporated to a thick syrup 
and allowed to solidify on cooling, in which case a product, 
known as " concentrated alum,'* similar to porous alum, is 
obtained. 

(6) From cryolite : 

Take of 

Cryolite (powdered), 1000 gr. 

Quick lime (powdered), 800 " 

Water, 4000 cc. 

Slake the lime in a 2-gallon earthen-ware crock by wetting 
with 300 cc. of water. When slaked to a soft powder, add 
the remainder of the water, and stir to a thin cream. Stir in 
the finely powdered cryolite, and boil for 6 or 8 hours, by means 
of a lead steam coil in the crock, replacing the water as it 
evaporates. The mixture becomes yellowish brown, owing to 
the iron present. Filter on a cloth bag (p. 10), and wash 
several times until the density of the wash water is 2° Tw. 
(sp. gr. 1.010). Combine the filtrate and the wash waters in a 
16-inch evaporating dish, and evaporate to a convenient bulk 
of perhaps 3 liters. Purify this solution (of sodium aluminate), 
and prepare aluminum sulphate from it as directed in (a). 

Reaction : 

A1F3-3 NaF + 3 CaO = Al(NaO)3 + 3 CaFg. 

((?) Cryolite may be decomposed by heating with powdered 
limestone in a crucible according to the molecular proportions 
of the equation : 

AIF3.3 NaF + 3 CaCOg = Al(NaO)3 + ^ CaF2 + 3 COg. 

Treat the ignited mass as in (a). 
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Properties : 

Aluminum sulphate is soluble in 1.2 parts of water at 15° C. 
and is much more soluble in hot water. When carefully heated 
in the air it loses its water of crystallization and forms a porous 
mass (porous alum). The salt shows an acid reaction with 
litmus. The following table * shows the density of solutions of 
aluminum sulphate : 







15»C. 


26'C. 


46»C. 


6% Al2(S04)8' 


18 H2O 


1.0569 


1.0503 


1.0366 


10% 




1.1071 


1.1022 


1.0850 


15% 




1.1674 


1.1522 


1.1346 


20% 




1.2074 


1.2004 


1.1801 


26% «* 




1.2672 


1.2483 


1.2296 



100 parts of water dissolve f at 



0- 


10- 


20- 


31.3 


33.6 


36.16 


86.86 


96.8 


. 107.36 


40° 


Bff 


60- 


46.73 


62.13 


69.09 


167.6 


201.4 


262.6 


80" 


90r 


100' 


73.14 


80.83 


89.11 


467.3 


678.8 


1132. 



30" 

40. 36 parts of Al2(S04)8. 

127.6 *» " Al2(S04)8 + 18 H2O. 

70* 

66.23 parte of Al2(S04)3. 

348.2 " " Al2(S04)3 + 18 H2O. 



parte of Al2(S04)8* 

'» Al2(S04)8+18H20. 



(( 



* Reuss, Ber. 17, 2888. 

t PoGGiALE, Ann. Chim. Phys. [3] 8, 467. 
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6. ALUM. 



K2SO4, Al2(S04)8-24 H2O 
orKAl(S04)2-12H20. 

(NH4)2S04, Al2(S04)3-24 H^O 
or (NH4)A1(S04)2-12 HgO. 



M.W. = 948. 



M.W. = 906. 



Alum is made from the aluminum sulphate derived from 
cryolite (p. 50), or from bauxite (p. 48). Dissolve the given 
weight of aluminum sulphate in the proper quantity of hot 
water (see Solution, p. 4), then add the calculated weight 
of potassium or ammonium sulphate dissolved in hot water, 
and stir the mixture thoroughly. On cooling, the potash or 
ammonia alum separates out in clear octahaedral crystals. 
Evaporate the mother liquor to obtain more of the alum. 
Purify by recrystallizing once or twice from distilled water. 
Dry the crystals in the coolest part of the drying closet, 
examining them frequently. 

Properties: 

Alum is not readily soluble in cold water. 100 pail® water at * 

3.90 parts K2Al2(S04)4-24 H2O or 5.22 parts (NH4)2Al2(S04)4*24H20. 

(( 

(( 



0°' 




3.90 


10° 




9.52 


20° 


gt-^ 


15.13 


30° 


? 


22.01 


60° 


-1 


44.11 


80° 




134.47 


90° 




209.31 


100° 




357.48 





» 9.16 »' 




* 13.66 " 




* 19.29 *' 




* 36.51 ** 




' 103.08 *' 




'187.80 *' 




'421.90 " " 



* PoGGiALE, Ann. Chim. Phys. [3] 8, 467. 
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6. CHROME ALUM. 

K2SO4, 012(804)8-24 H2O M.W. = 999. 

or KCr(S04)2-12 HgO. 

Commercial chrome alum is chiefly obtained as a by-product 
in the manufacture of artificial alizarine ; but this contains 
various impurities, such as lime salts, etc. To prepare a pure 
alum: 

Take of 

Potassium bichromate, 100 gr. 

Sulphuric acid, 168 Tw. (1.84 sp. gr.), 123 " 

Water, 220 " 

Starch, 24 " 

Dissolve the bichromate of potash in the acid and water, and 
add the starch very slowly. A violent action takes place, and 
the mixture becomes very hot. The temperature must remain 
high during the reaction, but no external heating should be 
used as long as the reaction will proceed without it. The 
solution becomes a bluish green color ; if it is olive green the 
bichromate is not all decomposed, and it may be necessary to 
heat it. 

The solution may not crystallize well on cooling, but a few 
crystals dropped into the liquor will often cause crystallization. 

Reaction : 

2 K^Cx^O^ + 8 H2SO4 4- 6 H2 + 34 H2O = 

2 K2S04,Cr2(S04)8-24 H2O. 
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The bichromate of potassium and sulphuric acid may be 
reduced by a stream of sulphur dioxide passed into the solu- 
tion. 

K^Cr^O^ + H2SO4 + 3 SO2 + 23 H^O = 

K2S04,Cr2(S04)8-24 H^O. 
Properties : 

Chi'ome alum forms dark purple crystals which are soluble in 
7 parts of cold water. The solution is a reddish blue color, 
but if heated above 70° C. it becomes green. The crystals 
eflSoresce on exposure to the air, or when dried at 25 to 30° C. 
When heated to 350° C. they lose all their crystal water, but 
if heated above this temperature the residue becomes insoluble 
in water. 

Specific gravity* of chrome alum solution (violet modificar 
tion) at 15° C. 

Sp. gr. % K2Cr2(S04)4 -24 HjO. 

1.02725 5 

1.06600 10 

1.08360 • 15 

1.0985 Sat. solution at 16°. 



7. AMMONIUM BICARBONATE.f 

NH^HCOg (acid carbonate). M.W. = 79. 

(a) This salt is most readily obtained by dissolving commer- 
cial carbonate in water at 50° C. and treating it with carbon 
dioxide from a Kipp's apparatus while cooling. The delivery 

* Gerlach, Zeit. anal. Chem. 28, 497. 

t D1BBIT8, J. pr. Chem. [2] (1874) 10, 434. Rose, Pogg. Ann. 46, 395. 
Deville, Ann. Chim. Phys. [3] 40, 87. 
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tube for the carbon dioxide must be moderately wide to prevent 
clogging. Filter the ciystalline mass of bicarbonate which has 
separated out, on a Biichner funnel at once (p. 14), and dry for 
several days in a desiccator over sulphuric acid. 

(6) The salt may also be prepared by passing carbon dioxide 
into a flask containing concentrated ammonia water (sp. gr. 0.900) 
while cooling the flask with running water. The bicarbonate 
crystallizes out from the solution. Neither of these methods 
yields a product entirely free from carbamate. 

Reactions : 

(a) {^U^)^CO^ + CO2 + H2O = 2 NH^HCOg. 

(b) NH4OH + CO2 = NH^HCOg. 

Properties : 

Ammonium bicarbonate is quite soluble in water, 100 parts 
of which at 

0° dissolve* 11.9 parts of crystallized salt. 
10° " 15.85 " 

15° " 18.3 " 

20° ** 21.0 " 

25° ** 23.9 ** 

30° " 27.0 " 

The solution loses carbonic acid at ordinary temperatures or 
on standing in the air. The dry salt is stable and odorless, but 
at 60° C. decomposes into ammonia, water, and carbonic acid. 

* DiBBiTS, J. pr. Chem. [2] 10 (1874), 439. 
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8. AMMONIUM CARBONATE. 

{NH4)2C08 + H2O (neutral salt *). M.W. = 114. 

(a) Digest 1 part of commercial ammonium carbonate {sal 
volatile) with 4 parts of concentrated ammonium hydrate for 
2 days in a closed flask at a temperature of 20-25° C. The 
contents of the flask become a crystalline solid, which is the 
neutral ammonium carbonate. 

(b) (NH,)2C03-H20. 

Dissolve commercial ammonium carbonate in warm dilute 
ammonia solution in a closed flask. Let it cool, and the car- 
bonate crystallizes. If large excess of free ammonia is present 
the crystals are small, but in moderate excess they are large. 

The crystals are obtained by pouring the contents of the 
flask into a straining cloth or bag (p. 10) and pressing quickly. 

The pure salt cannot be prepared by passing carbonic dioxide 
into ammonia water, since more or less carbamate of ammonia 
is formed. 

Ammonium carbonate is soluble in an equal weight of water 
at 15° C, and decomposes on exposure to the air or on heating 
to 50-60° C. 

(NH,)2C03 = NH.HCOg + NH3 + H^O. 

* KoLBE, Handworterbuch d. Chemie. Suppl. 167. Divers, J. Am. Chem. 
Soc. 1870 (8), 176. 



AMMONIUM CHLORIDE. 



AMMONIUM CHLOKLDE. 



NH^Cl. 

Take of 



Sal ammomac, 
Distilled water (hot), 



1000 gr. 
1800 cc. 



For the preparation of pure ammonium chloride, use the 
commercial sublimed ml ammoniac. This is usually made by 
subliming crude crystallized ammonium chloride prepared from 
gas liquor and hydrochloric acid. The sublimed salt is of a 
crystalline fibrous structure and. has a translucent white appeal^ 
ance. Being sublimed in iron pots, its chief impurity is iron 
chloride. To purify from iron, crush the sal ammoniac to 
lumps the size of a walnut, and dissolve in the proper quantity 
of hot distilled water (p. 4). When all dissolved, add about 
25 cc. of strong chlorine water for each kilo of salt used, and 
boil for 20 minutes or half an hour. The solution generally 
becomes a marked yellow color as the iron is oxidized to ferric 
chloride. Then carefully add ammonia water to the hot solu- 
tion until a distinct odor of ammonia persists after stirring. 
Continue the boiling until the odor of ammonia has become 
very faint or has entirely disappeared. Filter off a few cc, and 
test for iron with both ferrocyanide and ferricyanide of potas- 
sium. If iron is found, repeat the treatment with chlorine 
water and ammonia till it is all precipitated. Filter hot, 
either on paper in a 6 or 8-inch funnel, or by upward filtration 
(p. 15). Evaporate the solution till satui'ated, and allow to 
cool and white needle-like crystals form. Separate these from 
the mother liquor by straining in the porcelain drainer or on a 
Biichner funnel (p. 14), no filter cloth or paper being necea- 
sary. Evaporate the mother liquor to further concentration, 



L 
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and a second crop of crystals will separate ; repeat the process 
until all the salt is ohtained. After draining the crystals as 
dry as possible, spread them on glass plates in layers about 
one-half inch thick, and dry for 1 or 2 day^ in the diying 
closet at the lowest temperature. Then turn the crystal mass 
over on the plates, and dry for another day in the hotter part 
of the closet. The yield is about 95^ of pure NHjCl. 

If desired the purified solution may be evaporated to dryness 
directly on the steam or water bath, but the product will not 
be so well crystallized and attractive appearing. Moreover, 
some loss may occur by the volatilization of the ammonium 
chloride if heated too much. The boiling solution should be 
concentrated to 17.6 Tw. (1.088 sp. gr.) to form the beat 
crystals. 

Chlorine gas may be employed to oxidize the iron instead of 
chlorine water as directed, but the gas must he passed into the 
solution for a short time only. Prolonged treatment of the 
solution, especially when cold, might result in the formation of 
the dangerous nitrogen chloride. But chlorine water will be 
found to be more convenient to use. 

For a chemically pure product, such as is occasionally 
required in analysis, C. P. hydrochloric acid may be neutralized 
by pure ammonia in the same way as described for ammonium 
nitrate (p. 61). Recrystallize the product from distilled 
water. 

The crystallized muriate of ammonium of commerce usually 
contains sulphates of iron and calcium. To remove these, treat 
the hot solution of the salt with barium chloride and filter. Boil 
the filtrate with ammonium carbonate or oxalate solution to re- 
move excess of barium and calcium. Filter and acidify the 
filtrate with hydrochloric acid, and neutralize with ammonia. 
If iron is still present, remove it by treating with chlorine water 
and ammonia as above. 
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Sodium salts are sometimes present in the technical product, 
and there is no economical way of separating them completely 
from the ammonium chloride. 

Properties : 

Ammonium chloride is a pure white or translucent crystal- 
line mass, odorless at ordinary temperatures and volatile when 
heated. It is very soluble, dissolving in 2.7 parts of cold 
water and in less than 1.3 parts of hot water. 

100 parts of water at 

0« C. dissolve 28.40 parts NH4CI.* 
20© t* li 37,28 " »* 

50® *' ** 60.60 ** " 

100° 44 (i 72,80 tt ** 

110°" 44 77,24 " »» 

The boiling * point of a saturated solution is about 115.8**, 
and at this temperature 100 parts of water dissolve about 88.9 
parts of NH4CI. 

The specific gravity f of ammonium chloride solutions at 
19** C. is as follows : 

10% NH4CI — 1.0293. 
20% " -- 1.0679. 
26% ** — 1.0714. 
30% " — 1.086. 

The solution should give no tests for phosphoric or sulphuric 
acids, nor should hydrogen sulphide, ammonium sulphide, am- 
monium oxalate, or ammonia show any impurity. 

* Alluard, Ann. Chem. Pharm. 133, 292. Und.^ Compt. Rend. 59, 600. 
t ScHiFF, Ann. Chem. Pharm. 110, 74. 
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10. AMMONIUM IODIDE.* 



NHJ. 




M.W. — 145. 


Take of 








Potassium iodide, 


252 gr. 




Amnionium sulphate, 


100 " 




Water, 


275 cc. 



Mix a hot saturated solution of the theoretical quantity of 
potassium iodide dissolved in one-half its weight of water, with 
the given amount of ammonium sulphate dissolved in 1^ times 
its weight of boiling water. After cooling, add alcohol equal 
to 15^ of the total quantity of water used, and let stand 12 
hours. Filter ofif the precipitated potassium sulphate. Evap- 
orate the filtrate, occasionally adding ammonia water containing 
some alcohol, until crystallization begins, and then allow it to 
cool. Extract the crystals of potassium sulphate with dilute 
(^) alcohol, and after combining the filtrates evaporate to crys- 
tallize the ammonium iodide. 

Reaction : 

(NH4)2S04 + 2 KI = K2SO4 + 2 NHJ. 

Properties : 

Ammonium iodide crystallizes in cubes and deliquesces in the 
air. It should be preserved in a dark place, as light decom- 
poses the salt, causing it to turn brown. This coloration may 
be removed by dissolving in distilled water, treating the solu- 
tion with ammonium sulphide, filtering, and evaporating the 
filtrate on the steam bath, to crystallize. It is readily soluble 
in alcohol. The aqueous solution becomes yellow on standing, 
owing to decomposition and separation of iodine. One part of 
the salt dissolves f in 0.60 part of water. 

* Jacobson, Chem. Centralb. 1864, 192. 
t Eder, Dingl. J. 221, 89. 
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11. AMSIONIUM NITRATE. 

NHjNOa. M.W.=:80. 

Take of 

Nitric acid C. P. cone. 68 Tw. (1,340 sp. gr.), 1100 cc. 

Ammonia water, cone. t «■ ■ 

, , > a suflicient quantity, 
or ammontum carbonate, ) '' 

Ammonium nitrate is usually prepared by neutralizing dilute 
nitric acid with ammonium hydrate or ammonium carbonate. 
It is best to measure the acid and ammonia each into a narrow- 
neck flask from which they may be poured as needed. Put 
100 cc. of water and 50 cc. of the nitric acid into an evaporat- 
ing dish of sufficient capacity to hold the solution of the entire 
amount of the ammonium nitrate to be made. Drop in a piece 
of litmus paper about i-inch square, and then add concentrated 
ammonia very slowly, with constant stirring, until the litmus 
shows just neutral reaction. Add another 50 cc, of acid, and 
again bring to neutrality with ammonia, and so on until the 
bulk of the liquid becomes 600 to 700 cc. Then the amount 
of acid added at one time may be increased to 100 or 150 cc, 
until the entire quantity taken for the preparation has all been 
neutralized. [J. W. Smith, private commmiication,] 

Since the heat of the reaction is very intense, the dish must 
be kept cool by placing it in a tub or sink full of cold water. 
If the temperature is not kept down, volatilization of the 
ammonia, and, in the case of concentrated solution, possible 
decomposition of the product will occur. Base all calculations 
in this preparation on the amount of nitric acid, as a small 
amount of the ammonia is unavoidably lost during the neutral- 
ization; but if the solution is always kept acid or barely 
neutral, this loss is very small. At the last, bring the solution 
just to the point of alkalinity, and allow it to stand and cool 



eompletely. It generally happens that a brown sediment will 
separate out, consisting, probably, of traces of iron and tarry 
matter from the ammonia. Filter the solution, and evaporate 
to saturation or to dryness in the warm closet, or bring- to a 
density of 47 Tw. (1.235 sp. gr.) in the hot solution and allow 
it to cool, and long crystals of ammonium nitrate will separate 
out. When free from adhering mother liquor, dry them in the 
warm closet. If crystals are not especially desired the solution 
may be evaporated directly to dryness, in which case a hard 
cake of crystalline structure is obtained. The yield should be 
at least 95^0 of the theory. 

Reaction ; 

NH.OH + HNOg = HjO + NH^NOg. 

Since water is foi-med in the reaction, the product remains 
in solution until after concentration. For this reason also it is 
unnecessary to add more water to the acid after the first 100 cc, 
because the water thus formed, together with that contained in 
the ammonia, acts as sufficient thluent to the solution. 

Commercial samples often contain sulphate, which may he 
removed by adding barium nitrate, and, after filtering, treating 
with ammonium carbonate and ammonium hydrate and then 
warming. Filter again, and add nitric acid until just neutral. 

When heated in a platinum crucible no appreciable residue 
should be left. 

Properties : 

Ammonium nitrate melts at 152° *C., and decomposes at 
210° C. By very careful heating at 190-200= C.f it may be 
sublimed. When dissolved in water considerable heat is ab- 
sorbed, and hence it is sometimes used for cooling mixtures. 

• Bebthblot, Compl. Rend. 82, 632. 
t Graham-Otto, Anorgftnische Chemle. 
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It finds occasional use in analytical work to assist in the carboni- 
zation of filter paper during ignition. It is chiefly employed 
in the arts to prepare nitrous oxide, by heating in a retort. 

NH^NOg = 2 HgO + NgO. 

But care must be taken that the heating be slow and to a 
moderature temperature, otherwise an explosion may occur. 

Ammonium nitrate is soluble in one-half its weight of water 
at 18° C. 

100 parts of water * at 

0° C. dissolve 97 parts NH4NO8. 
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12. AMMONIUM OXALATE. 



(NH,)2C20,.H20. 



M.W. = 142. 



Take of 

Oxalic acid (purified), 1000 gr. 

Ammonia (sp. gr. 0.910), about 1200 cc. 
Water (distilled), 3000 " 

Put the oxalic acid into a 14-inch evaporating dish, and add 
2 liters of hot water. Stir until the acid is dissolved, heating 
on the steam bath if necessary. Dilute the ammonia with 1 

*Mdldbr, Scheik. Verhand. 1864, 96. 
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liter of cold water, and add this to the oxalic acid solution, in 
small portions at a time, while stirring actively. A precipitate 
of acid ammonium oxalate may appear when about ^ of the 
ammonia has been added, but this will redissolve after a con- 
siderable portion of the ammonia has been added. 

When the liquid acquires a distinct odor of ammonia after 
thorough stirring and has become strongly alkaline to litmus 
paper, filter if necessary, and evaporate untU a peUicle appears 
on the surface. Add a few ec. of hot distilled water until 
this just redissolves, test again with litmus, and, if not alkaline, 
add a few drops of concentrated ammonia and cover the dish, 
putting it in a cool place to crystallize. Decant the mother 
liquor, and drain the crystals in a covei'cd funnel or use the 
centrifugal machine. Dry in the warming oven at a moderate 
temperature, frequently turning the mass over while drying. 
On further evaporation the mother liquor will yield more 



An excess of ammonia must be used, as some is lost by vola- 
tilization, owing to the heat of the combination. 

Instead of ammonia liquor, the commercial carbonate of 
ammonia may be used, but in this case care is necessary to pre- 
vent loss through effervescence and foaming of the liquid. The 
dry carbonate may be added in small lumps directly to the solu- 
tion of oxalic acid, until the latter is neutral. 

Reaction : 

C^H^O^^ HjO -I- 2 NHg = (SK^)^Cp^^2 K^O. 
Properties : 

Ammonium oxalate forms needle-like crystals soluble in about 
3 parts of water at 25° C. and yielding a neutral solution. 
For use as an analytical reagent, the salt must give no test for 
sulphuric acid when hydrochloric acid and barium chloride are 
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added. Neither hydrogen sulphide nor ammonium sulphide 
and ammonia should produce any change in the dilute solution. 
When ignited on platinum foil no appreciable residue should 
be left by 5 gr. of the salt. Commercial samples are often con- 
taminated by potassium oxalate. 



13. AMMONIUM SULPHATE. 

(NHJ2SO4. M. W. = 132. 

This salt may be prepared in the same manner as given for 
ammonium nitrate, using pure dilute sulphuric acid and pure 
ammonia water or ammonium carbonate {€al volatile). The 
concentrated acid must be diluted with 6 or 8 parts of water 
during the first part of the reaction, to prevent spattering 
when adding the ammonia, since the heat developed is very 
great. 

Reaction : 

2 NH.OH + H2SO4 = (NH^aSO^ + 2 HgO. 

Properties : 

Ammonium sulphate is very soluble, 100 parts of water * at 

10^ C. dissolving 73.65. 
20° ** " 76.30. 

50° »* »' 84.25. 

80° ** " 92.20. 

100° ** *' 97.60. 

The salt is insoluble in concentrated alcohol. It forms color- 
less crystals which melt at 140° C. and decompose at 280° C.f 

* Alluard, Compt. Rend. 59, 500. 
t Marchand, Fogg. Ann. 42, 556. 
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The spec 
taining 



fie gravity of the aqueous solution at 15° C. ' 



10% (KH,), 


iS04iS 


1.0575.' 


3&% 




1.1439. 


36% 




1.2004. 


60% 




1.2890. 



\ 
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14. HTDROGEN-AMMONIUM-SODrUM PHOSPHA" 

(Microcosmic Salt or Salt of Phosphorus.) 

HKa-NH,-P0^4 H^O. M.W. = 2( 

Take of 

Sodium phosphate (crystals), 750 gr, ^ 

Ammonium chloride (purified), 125 " ^| 

Water (boiling), 250 cc. ^ 

Into a 1500 cc. flask, put 250 cc. of water and bring to be 
ing. Add 750 gr. of sodium phosphate slowly, shaking w 
until dissolved. Heat again, and add the ammonium chlori 
in the same way. Shake until all is dissolved and heat 
boiling, filter on a folded filter (or on a hot-water funn 
p. 13), and allow the filtrate to stand quietly to crystalli: 
Run the crystals through the centrifugal machine (p. 18) 
drain them in a draining cone. Redissolve them in 150 i 
of boiling water, and recrystallize to free from adhering sodii 
chloride. Repeat the crystallization from water if necessaj 
Dry in the warm closet at a low temperature (30° C), turni: 
the crystals over frequently. 

The solution of microcosmic salt should not be allowed 
boil for any length of time lest a loss of ammonia should resu 

'Qbhlach, Zeit. anal. Chem. 8, 280. 
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Have the water boiling hot on adding the salt, and heat very 
gently, only sufficiently to dissolve it, allowing the solution to 
cool as quickly as possible. 

Reaction : 

HNaaPO^ + NH^Cl = HNaNH^PO^ + NaCl. 

Properties : 

Hydrogen-sodium-ammonium phosphate forms transparent 
crystals with 4 molecules of water. It effloresces in dry air, 
and when heated loses its " water of crystallization " and fuses 
with decomposition to a clear glass-like mass. The heating 
drives ofif ammonia and water and leaves sodium metaphos- 
phate (NaPOg) which can combine with various metallic 
oxides, forming colored bodies. 

The " salt of phosphorus " should fuse on a platinum wire to 
a colorless transparent bead. When a little copper oxide is 
added to the fused bead, no green nor blue coloration should be 
imparted to the flame. The salt dissolves in 6 parts of cold 
water and in 1 part of boiling water, forming a solution very 
slightly alkaline to litmus. 

It is much used in blowpipe analysis, because of its combina- 
tion with metallic oxides to form colored double phosphates ; 
also as a means of detecting silica in minerals. When heated 
with alkali minerals, the salt of phosphorus bead becomes 
opaque. 
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15. ANTIMONY SULPHATE.* 

Sb2(S04)8. M.W. = 528. 

Take of 

Antimony (metal), 20 gr. 

Sulphuric acid, 160° Tw. (1.800 sp. gr.), 400 " 

Powder the metal in a mortar, and add in small portions at a 
time to the boiling acid contained in a platinum or porcelain 
dish. Heat until the antimony is all dissolved, and allow to 
cool slowly. Strain the resulting crystalline mass of antimony 
sulphate from the acid mother liquor on a platinum cone or 
porcelain filter plate (p. 15), and dry on unglazed tile. 

Reaction : 

2 Sb + 6 H2S04=Sb2(S04)8 + 3 SO2 + 6 H^O. 

Properties: 

Antimony sulphate forms a white crystalline powder or 
slender needle-like crystals which readily deliquesce. It dis- 
solves in a moderate quantity of water ; when mixed with a 
small quantity of water the salt unites with the water to form 
a hard mass, and excess of cold water causes the precipitation 
of basic salt. When boiled with a large excess of water, the 
salt decomposes, forming antimony trioxide and sulphuric acid. 

* Erdmann, Praparatenkunde, I, 296. 
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16. ANTIMONY TRICHLORIDE. 

SbClg. M.W. = 226.5. 

(a) Take of 

Antimony trioxide, 100 gr. 

Hydrochloric acid, 36° Tw. (sp. gr. 1.180), 182 cc. 

Put the acid into an evaporating dish, and warm slightly. 
Then stir in the antimony trioxide, a little at a time. When 
all the oxide is added, heat the dish gently, and finally bring to 
boiling, until any excess of hydrochloric acid is driven out and 
a drop of solution crystallizes when cooled on a watch glass 
placed on ice. Transfer the liquid to a retort with a thermom- 
eter in the tubulature and distill. The liquid first passing 
over is chiefly dilute hydrochloric acid, but after a time the 
temperature will rise to 200° C, and a drop of the distillate 
will solidify on a cold surface. Then collect the distillate 
separately as pure. 

Reaction : 

SbaOg + 6 HCl = 2 SbClg + 3 HgO. 

(b) Antimony trichloride may also be prepared by leading 
chlorine gas into an apparatus similar to that for phosphorus 
trichloride (p. 155), in which metallic antimony has been placed. 
The trichloride distills over. 

Properties : 

Antimony trichloride is a white or yellowish-white semi- 
solid substance, very deliquescent. It decomposes in water 
but dissolves in alcohol unchanged. Its decomposition in 
water is prevented by the presence of a small quantity of 
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citric, tartaric, or hydrochloric acid. Because of its soft and 
buttery appearance it is called " butter of antimony." It boils 
at 200° C. 



17. ANTIMONY TBIOXIDE. 

SbgOg. M.W. = 288. 

(a) Take of 

Antimony sulphate (pulverized), 200 gr. 
Water, 3000 cc. 

Sodium carbonate, 125 gr. 

Put 400 cc. of water into a 14-inch evaporating dish, and add 
the pulverized antimony sulphate cold, stirring well. Add a 
dilute solution of sodium carbonate (125 gr. in 2500 cc. of 
water), and heat to boiling. This completes the formation of the 
oxide. Filter off the precipitate of antimony oxide, and wash 
with hot water until free from sulphates. Remove excess of 
water by filtering on a Biichner funnel with suction (p. 14). 

Reaction : 

2 Sb2(S04)8 + 6 Na^COg = 2 SbaOg + 6 Na^SO^ + 6 COg. 

(6) Take of 

Antimony sulphide, 100 gr. 

Hydrochloric acid, 36° Tw. (sp. gr. 1.180), 425 cc. 
Nitric acid, 68° Tw. (sp. gr. 1.34), 6 " 

Water, a sufficient quantity. 

Put the mixed hydrochloric and nitric acids into a 1000 cc. 
flask, heat to about 50° C, and add the finely powdered anti- 
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mony sulphide in small portions at a time. When all the 
sulphide has been added and the evolution of hydrogen sul- 
phide has become slow, raise the temperature very gradually 
until the solution comes to boiling. Boil for an hour, adding 
boiling water from time to time as it evaporates, keeping the 
contents of the flask at about 500 cc. Then transfer to an 
evaporating dish, and add hot water until a very slight perma- 
nent turbidity appears in the solution ; boil for five minutes, 
and filter, allowing the clear filtrate to run into a large crock 
containing about 20 liters of cold water. A white precipitate * 
of a basic oxychloride of antimony falls ; allow this to settle, 
and draw off the clear water. Boil the oxychloride several 
times with fresh water in portions of 2 liters each, and filter 
hot on the Buchner funnel (p. 14) after each boiling. This is 
to decompose the oxychloride into the oxide. Wash the pre- 
cipitate (antimony trioxide) several times by decantation until 
it gives no acid reaction, and finally drain off the remaining 
water on a Buchner funnel with suction. Dry on a glass plate 
in the warm closet at a low temperature. 

Properties : 

Antimony trioxide is a white amorphous powder, very 
slightly soluble in water and very readily soluble in hydro- 
chloric acid, but not in nitric acid. It is volatile at a red heat. 
It is used chiefly in the preparation of tartar emetic (p. 72). 

* This precipitate is the " Algaroth powder," Sb406Cl2, a basic antimony 
chloride (Sb208*2 SbOCl) ; but its composition varies somewhat according to 
the temperature and other conditions of its precipitation. 
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18. ANTIMOXY-POTASSIUM TARTRATE. 

(Tartar Emetic.) 

KSbO(C4H406) + ^ H2O. M.W. = 302. 

Take of 

Antimony oxide, 400 gr. 

Cream of tartar, 500 " 

Water, 5 liters. 

Put the water into a 16-inch evaporating dish, and heat to 
boiling. Dissolve the cream of tartar in the hot water, and add 
the antimony oxide slowly. When all dissolved, filter the hot 
solution and evaporate to crystallize. 

Reaction : 

KHC^H^Oe + SbgOg = 2 KSbO(C4H40e) + H2O. 

Properties : 

Tartar emetic crystallizes in rhombic pyramids which are sol- 
uble in 12.6 parts of water at 21° C. The crystals effloresce 
somewhat when exposed to the air and when heated to 200—220° 
C. are partially decomposed, setting free the combined water 
and forming an antimony-potassium tartrate, KSb(C4H20g), 
which again unites with water to reform ordinary tartar emetic. 
The salt is used extensively in dj^eing and printing textile 
fabrics, and also as an emetic in medicine. 
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19. BARIUM ACETATE. 

Ba{C2H30j)3 + HjO. M. W. = 273. 

Take of 

Witherite (powdered), 1000 gr. 

Acetic acid, S" Tw. {sp. gr. 1.0-iO), 2000 cc. 
Water, 500 " 

Put the witherite into a 14-iiieh evaporating dish, add water 
to form a tLick cream, add the acid in small portions at a time, 
stirring thoroughly, and finally heat on the steam bath until all 
action ceases. The solution is very syrupy and sticky, and the 
evolution of carbon dioxide causes the formation of a thick 
froth which completely fills the dish ; but on standing over 
night this slowly disappears. Test the solution with litmus, 
and if found acid, add a little more witherite, or, better, some 
precipitated barium carbonate to make the solution neutral. 
Decant from the residue through a cloth filter. If too syrupy 
to filter well, dilute with water. Evaporate on the steam bath 
until crystals of barium acetate appear on the surface of the 
liquid, and then allow to cool. Separate the crystals from the 
mother liquor on the Biiehner funnel (p. 14) or by the centrifu- 
gal machine (p. 18). Recryatallize from water containing a little 
acetic acid. Dry in a desiccator over sulphuric acid or in the 
drying closet at a low temperature, turning the crystals over 
several times. Btattle in a well-stoppered bottle as soon as dry. 

Since witherite is frequently contaminated with calcium car- 
bonate, the above process does not yield a product free from 
calcium acetate, but it is quite pure enough for most purposes. 
For a pure salt the precipitated barium carbonate prepared from 
nitrate as on page 74 may be used instead of witherite. 
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Reaction : 

BaCOg + 2 C^HjOa = BRiC^Ufi^h + H^O + COj. 
Properties : 

Barium acetate fomis white needle-like crystals contaii 
1 molecule of "water of crystallization," It should be ; 
white and free from chlorides, calcium salt, and heavy me 
It is very soluble in water forming a neutral or slightly aei< 
lution. The salt is used as a source of baiium salts wbich 
be precipitated from it. Also as a laboratory reagent in p 
of the chloride or nitrate where it is not desirable to have t 
acids introduced into the analysis. 



20. BABIUM CABBONATE. 



I 



(a) Take of 

Barium nitrate, 1000 gr. 

Ammonium carbonate, 370 " 

AmmoniEi water (sp. gr. 0.900), 300 cc. 
Water, 6800 " 



I 



i the barium nitrate in 6 liters of water at 50° f 
put into a precipitation jar (Fig. IX, p. 19), Dissolve 
ammonium carbonate in 800 cc. of water, and add to the nit 
solution while warm, stirring actively. When the liquid 
cooled, add the concentrated ammonia until the solution hi 
decided odor of ammonia. This renders the barium carbo; 
less soluble in the ammonium nitrate solution. Allow to se 
and draw off the solution of ammonium nitrate, and trar 



I 
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the precipitate of barium carbonate to a Biichner funnel (p. 14), 
using the suction pump to remove as much as possible of the 
adhering solution. Wash several times by decantation until 
free from nitrate, remove excess water with the suction filter, 
and dry in the hot closet at 125° C. 

For many purposes the carbonate need not be dried, but may 
be preserved wet as a thick paste. 

Reaction : 

Ba(N03)2 + (NH4)2C08 = BaCOg + 2 NH4NO3. 

(b) Instead of using nitrate, the chloride or acetate of barium 
may be used if desired, making slight changes in the quantity 
of ammonium carbonate needed ; or a solution of barium sul- 
phide, made as directed in the preparation of barium chloride 
on page 77, may be precipitated with a carbonate solution. 

(c) From barite : 

Take of 

Barium sulphate (powdered barite), 1000 gr. 
Coal tar pitch, 150 " 

Pearl ash (refined), 550 " 

Mix the pulverized materials thoroughly, put into a Batter- 
sea crucible, and heat in the Roessler furnace to a red heat for 
an hour. Break out the fused mass from the crucible, and 
extract by boiling with water, repeating this process until all 
the soluble matter is removed. The residue is an impure barium 
carbonate which may be used in the same way as witherite 
as a source of barium salts (pp. 73, 76, and 80). 

Properties : 

Barium carbonate prepared as described in (a) is a heavy 
white powder, insoluble in water, but dissolving readilv 
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dilute hydrochloric or nitric acid. When precipitated by 
sodium or potassium carbonate from any barium salt, the 
product cannot be entirely freed from traces of soda or potash. 

It should dissolve in dilute hydrochloric acid, forming a 
perfectly clear solution from which all the banum may be 
removed by adding sulphuric acid, while hot. The filtrate 
from this precipitation should not become turbid on adding 
alcohol and should leave only a very slight residue when evap- 
orated to dryness. Hydrogen sulphide or ammonia with am- 
monium sulphide should not produce a dark-colored precipitate 
in the hydrochloric acid solution. No chloride should be found 
in the nitric acid solution nor should the acetic acid solution 
give any tests foi' nitrate. 

Barium carbonate is much used in laboratory work to sepa- 
rate iron and aluminum fi^om manganese, zinc, calcium, and 
magnesium, and to neutralize acids. 



21. BAKIUM CHLORIDE.* 

BaClj-a HgO. M.W. — 244. 

(a) From withe rite : 
Take of 

Witherite (powdered), 1000 gr. 

Hydrochloric acid (sp. gr. 1.200), 710 cc. 
Water, 2000 " 

Mix the witherite with 1000 cc. of water in a 16-inch evap- 
orating dish to form a paste, and add the acid previously diluted 
with 1000 cc. of water, in small portions at a time. The effer- 

" GoDiN, Dingl. J. 171, 318. Kuhluakn, Compt. Bend. 47, 408, 464, 874. 
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vescence causes some frothing, and the solution should be well 
stirred after each addition of acid. When the action becomes 
slow, heat the dish on the steam bath, and make the final addi- 
tions of acid to the hot solution. 

Evaporate the solution to dryness on the steam bath with- 
out filtering, and heat for some time. Treat the residue and 
crystals of barium chloride with water, add a solution of barium 
sulphide — see (b) — until a test portion gives no precipitate with 
this reagent, and filter. Evaporate the filtrate after acidifying 
slightly with hydrochloric acid to 62° Tw. (1.312 sp. gr.), and 
allow to crystallize. 

Witherite contains other substances besides barium carbonate, 
and the most troublesome of these are calcium and iron salts. 
By adding a small excess of finely powdered witherite to the 
solution after the effervescence has all ceased, and before evap- 
orating to dryness, most of these are precipitated from the solu- 
tion. The barium sulphide also precipitates the heavy metals, 
but traces of calcium, strontium, and the alkali metals are often 
found in barium chloride. By recrystallizing several times from 
distilled water these impurities may be removed. 

Reaction : 

BaCOg + 2 HCl = BaClg -f COg + H2O. 

{b) From barite, or precipitated barium sulphate : 

Take of 

Barite (powdered), 250 gr. 

Charcoal (powdered) or^ q^ u 
Pitch, j 

Mix the powdered barite with the carbonaceous matter very 
thoroughly, and fill a G (Battersea) crucible with the mixture. 
Cover, and heat in the Roessler gas furnace to a bright red heat 
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for 1 or 2 hours. Cool, and extract the residue with hot water. 
Filter, and decompose the hot solution of barium sulphide by 
adding hydrochloric acid to it as long as hydrogen sulphide 
escapes on adding more acid to a test portion of the solution 
after boiling. When the barium sulphide is decomposed, filter, 
and evaporate the solution to dryness. Take up in hot water, 
filter if necessary, and evaporate to 62° Tw. (1.310 sp. gr.) and 
allow to crystallize. Free the crystals from mother liquor by 
the Biichner funnel and suction (p. 14). Recrystallize from 
distilled water. 



Reactions : 



BaSO^ + 4 C = BaS + 4 CO. 
BaS + 2 HCl = BaClg + HgS. 



Properties : 



Barium chloride forms colorless crystals which dissolve in 
water forming a neutral solution. 

100 parts of water at 

0° C. dissolve 30.9 parts BaCl2.* 



10° " 


it 


33.3 




u 


20° " 


(( 


36.7 




(( 


30° " 


« 


38.2 




tt 


40° " 


i( 


40.8 




« 


60° « 


(i 


43.6 




(i 


60° " 


(( 


46.4 




(» 


72° « 


(( 


50.0 




a 


80° " 


(( 


62.4 




a 


90° " 


(i 


66.6 




u 


100° " 


<( 


68.8 




li 


104° " 


t( 


60.2 




u 



The specific gravity of barium chloride containing 



* Mulder, Scheik. Verhand. 1864, 45. 
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1 % of the salt is 1.00917.* 



5% " 


« 1.04684. 


10 % - 


" 1.09508. 


16%- « 


« 1.14846. 


20 % « 


" 1.20611. 


26 % " 


« 1.27017. 



22. BARIUM CHBOMATE. 



iCrO^. 


M.W. — 253.5. 


Take of 

Barium acetate, 
Potassium bichromate, 
Water, 


1000 gr. 

540 " 

3000 cc. 



Dissolve the potassium bichromate in 1500 cc. of water by 
heating on the steam bath. Allow to settle, and decant or 
filter from any sediment. Transfer to a precipitation jar 
(p. 19), and add the barium acetate dissolved in 1500 cc. of 
water. A pale yellow precipitate of barium chromate falls on 
the addition of the acetate solution, until all the barium salt 
has been converted to the insoluble chromate. Allow to settle, 
draw off the top liquor, and fill the jar with fresh water. Con- 
tinue this washing by decantation until no acetic acid or 
acetate can be detected in the wash waters. Drain on the 
cloth filter, and press in the cloth in the screw press to 
remove excess water (p. 18). Dry in the drying closet. 

Reaction : 

2 Ba(C2H802)2-H20 + KaCr^O, = 

2 BaCrOi + 2 KCaHjOj + 2 CaH^O,. 

* Gerlach, Zeit. anal. Chem. 8, 283. 
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Proper tie» : 

Barium ehromate is a pale yellow powder, insoluble in acetic 
acid, but dissolving in nitric or hydrochloric acid. It is used 
to some extent as a pigment under the name of lemon yellow. 
It has the advantage over chrome yellow in that it does not 
darken on exposure to hydrogen sulphide. But the color fades 
in the light and becomes greenish. 



23. BARIUM NITRATE. 

Ba(N08)a. M.W. — S 

Take of 

Witherite (powdered), 1200 gr. 

Nitric acid, 50° Tw. (sp. gr. 1.250), 1540 ec. 
Water, 4000 " 

Put the witherite into a 16-inch evaporating dish, add 1 liter 
of water, and stir until thoroughly mixed. Add the acid in 
portions of about 100 cc. each, stirring well after each addition 
of acid, and waiting until the effervescence moderates before 
adding the next portion. When a little more than half of the 
acid has been added, heat the dish on the steam bath, dilute 
with 3 hters of hot water, and add the remainder of the acid in 
small portions at a time to the hot liquid, stirring thoroughly. 
Evaporate down to dryness on the steam bath. Treat the 
residue with 100 ce. of strong nitric acid, stir well, and let stand 
half an hour. Add 5 liters of hot water, and stir well while 
heating to 90° C. on the steam bath. Filter on a double cloth bag 
(p. 12) or by upward filtration (p. 15). Let the filtrate run into 
another evaporating dish, and concentrate until the formation of 
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a pellicle on the surface of the liquid shows it to be saturated. 
Wash the residue from the witherite with 1 or 2 liters of 
boiling water, and add these to the solution of barium nitrate. 
Let cool slowly, and next day pour off the supernatant liquor 
from the ciystals. Evaporate the liquor for more crystals. 

The nitrates of calcium and strontium, being more soluble 
than the barium salt, remain in the mother liquor. A sUght 
excess of witherite during solution prevents the iron in the 
mineral from contaminating the barium nitrate. 

Dissolve the combined crystal products in 5 liters of hot 
water, filter if necessary, add nitric acid until the solution is 
acid, and allow to crystallize a second time. Drain the crystals, 
and dry on glass plates in the drying closet at a medium 
temperature. 



Reaction : 



BaCOg + 2 HNO3 = Ba(N03)2 + COg + H2O. 



Properties : 

Barium nitrate forms white crystals without " water of crys- 
tallization," and is not very soluble in water. 100 parts of 



at 












0° C. diFwolve 6. parts barium nitrate.* 




10° »* 


7. » 








20° '• 


9.2 * 








30° »» 


» 11.6 ' 








40° *» 


» 14.2 » 








60° »* 


17.1 * 








60° *' 


20.3 ' 








70° »» 


23.6 » 








80° " 


» 27.0 » 








90° »* 


» 30.6 » 








100° »* 


34.2 * 







* Mulder, Scheik. Verhand. 1864, 47. 
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The specific gravity of an aqueous solution at 19.6*^ C. con- 
taining 

1% of the salt is 1.009.* 



2% »» » 


» 1.017. 


3% *» » 


' 1.026. 


4% " * 


' 1.034. 


6% " * 


* 1.042. 


6% ** ' 


1.050. 


7% ** * 


* 1.060. 


8% »' ' 


* 1.069. 


9% - * 


* 1.078. 


10% - » 


* 1.087. 



24. BISMUTH XITBATE.f 

Bi(NO8)3-10 H2O. M.W. = 678.5. 



Take of 



Metallic bismuth, 200 gr. 

Nitric acid (sp. gr. 1.200), 800 cc. 



Pulverize the bismuth to a coarse powder. Heat the acid in 
a 12-inch evaporating dish to 85° C, and add the powdered 
bismuth to the hot acid in Bmall portions at a time, so that a 
steady but vigorous evolution of gas is maintained. When the 
metal is nearly all in solution and the action is becoming less 
violent, increase the heat by putting a Bunsen lamp under the 
dish, and finally bring to the boil for five minutes. 

If arsenic is present in the bismuth, a white precipitate of 
bismuth arsenate may form after about one-third of the metal is 
dissolved. Toward the end of the reaction, when the excess 

* Gerlach, Zeit. anal. Chem. 8, 286. 

t Schneider, J. pr. Chem. [2] 20, 418. Grossmann, Arch. Fharm. [3] 
22, 297. 
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of nitric acid is nearly neutralized, a small amount of subnitrate 
of bismuth may also precipitate along with the arsenate. To 
prevent this as far as possible, an excess of nitric acid is iased 
over the theoretical amount needed to dissolve the metal and 
to replace the acid lost through the violence of the reaction. 
The solution must be kept as concentrated as possible, however, 
to insure the precipitation of the arsenate and to prevent the 
separation of the subnitrate. The solution may be filtered on 
an asbestos filter (p. 12) which has previously been treated 
with nitric acid ; or it may be allowed to stand in a covered 
beaker for a day or two, at a temperature of about 25° C, till 
the precipitate has entirely subsided ; syphon off the top liquor 
from the residue. 

Concentrate the clarified solution to about 500 ec, and allow 
it to crystallize. Wash the crystals in a little dilute nitric 
acid, and drain them or dry in the centrifugal macliine. By 
further evaporation a second crop of crystals may be obtained, 
which may be impure, owing to arsenic in the mother liquor. 
Or the mother hquor may be poured into an equal weight of 
water and a precipitate of subnitrate of bismuth obtained, which, 
however, will not be free from arsenic. 

In no case in the preparation of bismuth nitrate should water 
be added to the solution, and the acid used for dissolving the 
metal must be concentrated. 

Reaction : 

2 Bi + 8 HNO3 ^ 2 Bi(N03)8 + 4 H^O + 2 NO. 

Properties : 

Bismuth nitrate forms large colorless crystals with 10 mole- 
' cules of "water of crystallization," When treated with water 
these decompose and form basic salts. The crystals dissolve in 




m 
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dilute nitric acid. When heated to 75 " 0. they melt in their 
" water of crystallization." 

Bismuth subnitrate is but slightly soluble in water, but dis- 
solves ill dilute nitric or hydrochloric acid. A number of basic 
nitrates are known, all classed under the name "subnitrate." It 
is used in medicine, and for such purposes should not give tests 
for lead, arsenic, copper, or substances insoluble in nitric acid. 
Neither should chlorides, sulphates, nor the alkali metals be 
present. By dissolving crystals of the nitrate prepared as 
above and then precipitating the solution with water, a pure 
subnitrate may be obtained. 



35. CADMIUM CHLORIDE.- 

CdCla-S H,0. 

Take of 

Metallic cadmium. 
Nitric acid, 48" Tw. (sp. gr. 1.240), 
Ammonium carbonate, 
Hydrochloric acid, C. P., 1 
Water, j 



500 gr. 
2000 cc. 
750 gr. (approx.) 

a sufficient quantity. 



I 



"Feather" the cadmium, as described in the preparation of 
cadmium iodide on page 86. Put the feathered metal into a 12- 
inch evaporating dish, and add the nitiic acid in small portions 
at a time. The process must be carried on under the hood 
because of the nitric oxide evolved. When the acid is nearly 

■The procesa here described Includes the preparation of cadmium nitrate, in 
solution, and of cadmiuzn carbonate. The nitrate ma; be obtained crystallized 
by evaporating tbe solution. 
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neutralized and the action becomes quiet, heat the dish on the 
water bath until no more action ensues. Dilute with 1 or 2 
liters of hot water, and let the dish stand quietly until all sedi- 
ment has deposited. 

Decant the solution into a large crock, and dilute with 20 
liters of hot water. Add a concentrated solution of ammo- 
nium carbonate, a few cc. at a time, until a test portion of the 
liquid after filtering gives no reaction for iron. Filter off the 
precipitate of iron, etc., and transfer the filtrate to a precipita- 
tion jar (Fig. IX, p. 19), and add a concentrated solution of 
ammonium carbonate until the cadmium is all precipitated. 
(This requires about 750 gr. of ammonium carbonate.) Any 
zinc present remains in solution. Wash the precipitate (cad- 
mium carbonate) by decantation until free from nitrates and 
ammonia. 

Dissolve the cadmium carbonate in C. P. hydrochloric acid, 
taking care to use a little less acid than is necessaiy to dissolve 
the whole of the carbonate. Filter the solution, and evaporate 
to dryness on the steam bath. Dissolve the residue in 600 cc. 
of hot distilled water, add a few drops of hydiochloric acid, and 
allow the whole to stand for a number of hours to crystallize. 
Dry the crystals at a low tempemture in the warm closet or in 
a desiccator over sulphuric acid. 

Reactions : 

3 Cd + 8 HNOg = 3 Cd(N08)2 + 4 H^O + 2 NO. 
Cd(N03)2 + (NH,)2C03 = CdCOg + (NH,)2N03. 
CdCOg + 2 HCl = CdClj + H2O + CO2. 

Properties : 

Cadmium chloride crystallizes with 2 molecules of "water 
of crystallization." The crystals effloresce when exposed to 
the air. 
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One part of the salt at 



20° C. dissolves in 0.71 paxts of water.* 
4QO tt u 0.72 " 

60° ** ** 0.72 " 

80° " " 0.70 " 

100° " " 0.67 " 



The specific gravity of the aqueous solution of cadmium chlo- 
ride containing 

13 parts of the salt in 100 parts H2O, is 1.1068. 



26.9 
41 
65.8 
72.5 
114.2 



(( 



(( 



(( 



« 



i( 



u 



u 



« 



u 



(( 



1.2106. 
1.3100. 
1.4060. 
1.5060. 
1.7266. 



It is also soluble in alcohol. The anhydrous salt melts at 
540° C. and volatilizes undecomposed at higher temperatures. 



26. CADMIUM lODEDE. 



CdV 






Take of 








Cadmium (metal), 


150 gr. 




Iodine, 


340 " 




Water, 


1000 cc. 



M.W. = 366. 



"Feather" the cadmium by melting it and pouring the 
liquid metal from a height of 3 or 4 feet into water contained 
in a 4-gallon crock. Weigh out 150 gr. of the dry feathered 
metal, and put it into a wide-mouthed bottle of 1500-cc. capacity, 
containing 1000 cc. of water and 340 gr. of iodine. Cover the 
bottle mouth with a watch glass, and allow it to stand quietly 

* Ebemers, Fogg. Ann. 103, 57. 
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in a large pan of water on the steam table where the temper- 
ature will range from 75-85° C. Stir the contents of the 
bottle occasionally with a glass rod. After 3 or 4 days the 
metal will be mostly dissolved. Pour into a 12-inch evapo- 
rating dish, heat to boiling for 20 minutes, filter hot, evaporate 
the solution until saturated, and allow to crystallize. Drain 
the crystals, and dry in a desiccator over sulphuric acid. Con- 
centrate the mother liquor further for more crystals. 

Reaction : 

Cd + 12 = Cdl2. 
Properties : 

Cadmium iodide ciystallizes in thin white plates, soluble in 
water, alcohol, and ether. 
One part of the salt at 



16° C. dissolves in 1.3 parts of water.* 
20° " " 1.08 
** " 1.00 
" 0.93 
*' " 0.86 
" 0.76 



40° 

60° 

80° 

100° 



The specific gravity of Cdig -f- aq at 19.5° C. containing 

6% Cdia is 1.044. t 



10% 
16% 
20% 
26% 
30% 
36% 
40% 
46% 



1.088. 
1.138. 
1.194. 
1.253. 
1.319. 
1.396. 
1.476. 
1.676. 
1.680. 



This salt finds a limited use in photography but is of Uttle 
commercial importance. 

* Kremers, Pogg. Ann. 103, 67. 
t Gbrlach, Zeit. anal. Chem. 8, 286. 
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27. CALCIUM CARBONATE. 

CaCOg. M.W. = 100. 

Prepare a solution of calcium chloride free from iron, mag- 
nesia, etc., as directed on page 90 ; or take the solution obtained 
from a Kipp's apparatus which has been used for generating 
carbon dioxide. After having purified and filtered the solution, 
heat it to 90° C, and add a concentrated solution of commercial 
ammonium carbonate in water, together with a little ammonia 
water, until a test filtered off gives no precipitate with these 
reagents. Allow it to settle, and decant the liquid through a 
Biichner suction filter (p. 14), finally bringing the precipitate 
into the filter. Wash with hot water until the wash water is 
free from chlorides. Dry the precipitate on a glass plate in the 
hot closet, and finally heat to 125° C. for a couple of hours 
and bottle the pure white powder. 

Properties : 

Calcium carbonate is entirely soluble in hydrochloric acid, 
jdelding a clear solution which should not be altered by barium 
chloride, ammonia, sodium phosphate, nor ammonium molybdate, 
i.e.y it should contain no sulphates, iron, alumina, magnesia, nor 
phosphoric acid. It is useful as a standardizing material in 
acidimetry. When ignited at a red heat for some time carbon 
dioxide escapes and calcium oxide remains. 
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28. CALCIUM CHLORIDE (Porous). 

CaCV M.W. = 111. 

Take of 

Quicklime, 500 gr. 

Hydrochloric acid (sp. gr. 1.200), 1640 cc. 

Slake the lime, and stir up to a thin milk with water. After 
decanting the "milk" from the coai-se insoluble impurities 
(see Decantation, p. 19), put 100 cc. of it into a porcelain 
dish, and slowly add hydrochloric acid until the solution is 
acidified. Add another 100 cc. of the milk, and neutralize with 
acid, continuing until all the acid is neutralized and the solu- 
tion made slightly alkaline by a small excess of lime. Boil for 
a few minutes. Decant the settled clear liquid from the sedi- 
ment as far as possible, and filter the remainder with suction. 
(See Filtration, p. 13.) Evaporate the filtrate over the 
lamp until nearly all the water is gone and the liquid is so 
thick that test portions solidify on cooling. Then add 50 cc. 
of hydrochloric acid, which causes the mass to swell. Allow it 
to cool and set with only occasional stirring. Dry by heating in 
a bright iron pan over the lamp, but do not let it become hot 
enough to fuse the calcium chloride. The yield should be 
about 1 kg. 

The solution of calcium chloride obtained by generating 
carbon dioxide from marble and hydrochloric acid, as in a Kipp's 
apparatus, is a favorable source for this preparation. It must 
usually be neutralized with a small amount of " milk of lime " 
to precipitate iron, etc., before evaporating the solution to ob- 
tain the calcium chloride. 
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Properties : 

This HubHUince sliould be nearly white and perfectly diy. H 
much iron or other impurity is present the color varies, bat is 
more or hsss gniy or brown. Its chief use is to absorb moistoie 
from f^iiNos or to remove ti*aces of water from organic liq^uids in 
whi(!h cahuum chloride itself is insoluble. It is also much used 
liH a drying agent in desiccators. 

loo parU of water at 



0'^ 


c. 


(liflsolve 


49.6 


parts CaClj.* 


10" 


»» 


14 


(K). 


it 


ir,*^ 


«i 


<( 


00. 


44 


20" 


tt 


it 


74. 


44 


2ri'» 


tt 


t( 


82. 


44 


:«)'» 


«t 


tt 


m. 


14 


\\T 


t» 


tl 


100. 


44 


10" 


t» 


It 


no. 


44 


f»0" 


«l 


>i 


120. 


44 


00" 


tt 


14 


120. 


44 


70" 


• • 


It 


i:w. 


44 


HO" 


tl 


II 


142. 


4« 


IM)" 


tt 


14 


147. 


4i 


or 


tl 


It 


ir»o. 


44 


w>» 


It 


It 


IM. 


i» 


l7U.f»" 


II 


tl 


:J26. 


44 



(•a(M^|inia(). 



2». OAliOlUIVf C1IIiOUlI>E (Crystals). 

M.W. 



219. 



Mako a Hohition of calrium chhtride by neutralizing hydro- 
(«hl(n'i(i arid with (|uirklimo (p. 81)) or marble. Use a slight 
(«X(M«HH of linio. A<ld 'JA w. of chhirine water to each 2 liters 
of tho Holution, aiul Intil half an hour. Then add a few cc. of 
^Muilk of lime** to the Hohition until strongly alkaline, and 

• MiiLDKH, Roholk. Vurhaiid. 1864, 107. 
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boil again until a filtered test portion gives no blue color with 
potassium ferrocyanide and hydrochloric acid. Filter boiling 
hot, by which the precipitation of any calcium sulphate is 
rendered more complete. Evaporate the filtrate in a porcelain 
dish over the lamp to a density of 75° Tw. (sp. gr. 1.375), and 
allow it to cool slowly. Or the concentrated solution may be 
put in the hot closet at 60° C. and the growth of the crystals 
watched from day to day until the desired size is obtained. 
They should be rapidly freed from adhering mother liquor, by 
draining in a covered funnel or by wiping with scraps of filter 
paper, and dried in a desiccator over sulphuric acid and bottled 
at once in a dry and cold bottle which is tightly stoppered. 

Fresenius recommends passing hydrogen sulphide into the 
solution containing some slaked lime, until a filtered test por- 
tion shows no change with ammonium sulphide. Then digest 
at a gentle heat for 12 hours in a covered vessel. Filter and 
crystallize as above. 

Properties : 

Crystallized calcium chloride is a very deliquescent sub- 
stance and melts in its 6 molecules of "water of crystalliza- 
tion " if warmed to 28 or 30° C. When dissolved in water 
much heat is aborbed, and when mixed (3 parts) with snow 
(2 parts) a temperature of — 35 to — 40° C. is attained. It is 
entirely soluble in 10 parts of absolute alcohol. 

Calcium chloride should dissolve in water to form a clear 
solution, without leaving any residue. The aqueous solution is 
neutral, and when heated with caustic soda or potash must not 
liberate ammonia. Hydrogen sulphide should cause no precipi- 
tation nor change of color in the solution. It finds use as a 
qualitative reagent in the separation of certain organic acids. 
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30. CHLOBOPLATINIC ACID. 

(Platinum Chloride.) 
HaPtCla- 6 HaO. M.W. = 517. 

{a) From scrap platinum : • 

Dissolve scrap platinum in aqaa regia (6 HCl to 1 HNOg), 
and evaporate the solution to dryness. Dissolve in moderately 
strong hydrochloric acid, and evaporate to dryness again. Dis- 
solve in hot water, adding a few ec. of strong hydrochloric acid 
while dissolving. Add a considerable excess of sodium hydi-ate 
solution, and boil for an hour, adding a few di'opa of alcohol 
once or twice during the boiling to destroy any sodium hypo- 
chlorite in the solution. Kedissolve the precipitate in hydro- 
chloric acid, filter if not clear, and add a hot saturated solution 
of ammonium chloride as long as a precipitate falls. Sepa- 
rate the yellow precipitate of ammonium chloroplatinate, 
(NHjjjPtCIg, by decantation and wash with cold, very dilute 
hydrochloric acid, and dry on a glass plate. Heat in a porce- 
lain crucible over the lamp until all ammonia and chlorine are 
driven off ; or ignite in a glass combustion tube in a stream of 
dry coal gas or hydrogen. 

Weigh the reduced platinum and dissolve in aqua regia 
(5 HCl to 1 HNOg), and evaporate to dryness on the steam bath, 
adding hydrochloric acid at intervals during evaporation to expel 
all traces of nitric acid. Redissolve the residue in dilute hydro- 
chloric acid, and evaporate down on the steam bath to crystallize. 

The purpose of boiling with caustic soda is to reduce any 
iridium tetrachloride formed by the aqua regia, to the trichloride, 
which forms a soluble double salt with ammonium chloride. 
The platinum tetrachloride is not reduced by the caustic soda. 



I 



4 



" After Thorpe, Quantitative Cliem. Analysis, 7th ei 
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(6) From laboratory residues : 

Boil the residues of platinum salts with a solution of sodium 
carbonate, and add some alcohol during the boiling. Decant 
the liquid from the platinum which is precipitated as a black 
powder. Wash the platinum precipitate several times with 
boiling water by decantation and then with hot hydrochloric 
acid. Dry and weigh the platinum and dissolve in the required 
amount of aqua regia (5 HCl to 1 HNOg), and evaporate the 
filtered solution on the steam bath to crystallize, adding hydro- 
chloric acid from time to time during the evaporation to drive 
off all traces of nitric acid. 

PropertieB : 

Chloroplatinic acid is formed by the combination of platinum 
tetrachloride with hydrochloric acid. It crystallizes with 6 HgO 
and is deliquescent in the air. It is entirely soluble in alcohol, 
leaving no residue when pure. The ammonium and potassium 
salts are very difficultly soluble in water, while the sodium chlo- 
roplatinate is readily soluble. On this fact depends its use as a 
laboratory reagent in the separation of potassium and sodium. 



31. CHROMIUM ACETATE. 

Cr(C,H30,)3 or Cv^{C^11^0^\. 

Take of 

Chrome alum. 

Soda ash (58^ NagO), 

Acetic acid (SOjfc), 

Water, 

Dissolve the chrome alum in a 16-inch evaporating dish with 
4 liters of water at 40° C, and add the solution of soda ash dis- 
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= 229.5. 
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solved in 750 cc. of water at 32° C, taking care to add but 
little at a time and to stir well after each addition. Filter ofE 
the green precipitate of chromium hydi'ate, wash with warm 
water by decantation, and finally press in a cloth bag (p. 18) 
to remove as much water as possible. Break up the cake of 
hydrate, and, while still damp, dissolve it in the acetic acid by 
warming and stirring. Evaporate the solution to dryness on 
the steam bath, or stop the evaporation when the density reaches 
32= Tw. {sp. gr. 1.160). 

Reactions : 

2 KCr(SO^)3-12 H3O + 3 NagCOg = K^SO^ + 3 Na^SO^ + 

3 CO3 + 2 Cr(0n)3 + 21 HjO. 
Cr(0H)8 + 3 C^H^Oa = Cr(C2Ha02)3 + 3 H^O. 

Properties : 

Chromium acetate is usually sold in commerce as a solution 
at 32° Tw., as it does not crystallize well. However, ciyatals 
having the composition Cr(C3H302)3 -{- H^O have been isolated. 
Many basic chromium acetates are known. 

If made below 60° C. the solution is violet, but becomes 
greenish on heating. Chromium acetate is very soluble in 
water. The aqueous solution is not easily precipitated cold by 
alkaline hydrates, carbonates, nor phosphates, but the precipita- 
tion takes place on boiling. It finds some use as a mordant in 
calico printing. 
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32. CHROMIUM HY1>RATE. 

Cr(0H)8 or Cr2(OH)6. M.W. = 103.5. 

(a) Take of 

Chi'omium sulphate, 200 gr. 

Ammonia (sp. gr. 0.958), 290 ec. 

Water, 200 " 

Dissolve the sulphate in the water, and add the ammonia to 
the solution at 50° C, stirring actively. Then bring to boiling 
for 2Q minutes. A green precipitate of chromium hydrate 
falls ; it is best to allow this to settle and to draw off or decant 
the top liquor containing ammonium sulphate. Wash the pre- 
cipitate by decantation until free from sulphate. Drain in a 
cloth bag filter (p. 10). Dry in the warm closet, and pulverize 
in a mortar. 

Iteaction : 

Cra(S0,)8 + 6 (NH3 H-H^O) = 2 Cr(0H)3 + 3 (NH,)2S0,. 

Caustic soda or potash may be used instead of ammonia if 
desired, but the resulting sulphate of sodium or potassium is 
very difficult to remove completely from the precipitate of 
chromium hydrate. 

(6) Take of 

Potassium bichromate, 100 gr. 

Water, 1200 cc. 

Dissolve the bichromate in the water, put the solution into 
a flask or covered beaker, and pass into it a strong stream of 
hydrogen sulphide until the precipitate, which is brown at first- 
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becomes uniformly pale green in color. Filter on a cloth in a 
Biiehner funnel (p. 14), transfer the precipitate of chromium 
hydrate to a dish or precipitation jar (Fig. IX, p. 19), and 
wash with water by decantation till the wash waters give no ^m 
hydrogen sulphide test when acidified with hydrochloric acid. B 
Free the chromium hydrate from water by use of the filter " 
pump and Biiehner funnel, and dry, if so desired, at a low tem- 
perature. As thus prepared the hydi'ate contains considerable 
free sulphur, ^^m 

Reaction : ^^H 

KjCraO, + 5 H,S = 2 Cr(OH)B + 2 KHS + HjO + 3 S. 

This hydrate may be dissolved in acids to form chromium 
salts ; the free sulphur remains undissolved and can be easily 
filtered off. 



Properties : 

Chromium hydrate forms a green powder, insoluble in water, 
its color varying according to the method of preparing it. If 
dried above 100° C. its color changes to dirty black, but it does 
not give up its water of hydration until heated to 200° C. or 
more. Then it passes over to green chromic oxide. Chromium 
hydrate dissolves in caustic soda or potash, forming salts of the 
alkali metal, called "chromites " ; but these are unstable bodies, 
known only in solution 

Cr(OH)3 4-3 NaOTI — Cr(ONa)3 + 3 U^O, 

When boiled for some time the chromite solution is decom- 
posed and chromium hydrate is repreoipitated. The chromites 
are also decomposed, even by weak acids and by ammoniuna 
salts. 
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33. CHROMIUM HYDRATE. 

(Guigrnet's Green.*) 
CraO(OH)4. 

Take of 

Potassium bichromate, 100 gr. 

Boric acid (crystals), 300 " 

Water to make a paste. 

Mix these materials thoroughly in a Battersea G crucible, 
and heat in the Roessler furnace, but not above red heat. 
Oxygen and water escape, and the mass swells. Allow to cool ; 
break out the fused substance from the crucible, and boil with 
water to remove boric acid. A chromium borate is formed in 
the fusion, which decomposes when treated with water, forming 
the chromium hydrate as above. To remove the last traces of 
boric acid, boil with dilute caustic soda solution, and wash 
again with hot water. 

Properties : 

The chromium hydroxide obtained by this process is insol- 
uble in water and cold acids, but is slowly decomposed by boil- 
ing acid. It is used as a fine green pigment in paints and for 
calico printing. 

* GuiGNET, Bull. Soc. Chim. 1 (1859), 9. 
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34. CHROMIUM SULPHATE. 

012(804)8-15 H2O. M.W. = 663. 

Take of 

Ohromium hydroxide (dry), 800 gr. 

Sulphuric acid, 140° Tw. (sp. gr. 1.700), 850 cc. 

Put the acid into a 14-inch evaporating dish, and heat to 
40° 0. Add the hydroxide in small portions at a time, stirring 
well after each addition. If the temperature is not allowed to 
go above 60° C, a violet-colored solution of chromium sulphate 
is formed. If the solution is heated to near the boiling point, 
the color changes to green and no crystals will deposit until, 
after long standing, the green solution changes over to the 
violet modification. The addition of dilute alcohol to the 
solution hastens crystallization. 



Reaction : 

2 Or(OH)3 -f 3 H2SO4 = Or2(S04)3 + 6 H2O. 

Properties : 

Ohromium sulphate is soluble in 0.833 parts of water at 
20° 0. When heated the solution becomes green, the change 
taking place at about 65° 0. The addition of nitric or sul- 
phuric acid also causes this change. The green aqueous 
solution changes to the violet modification on standing several 
weeks. 
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The specific gravity of an aqueous solution of the violet 
modification containing 



of the salt is 1.0275.* 



10% - 


1.0560. 


20% - 


1.1150. 


30% - 


1.1785. 


40% - 


1.2480. 


50% ** 


1.3250. 



36. CHROMIUM TRIOXIDE.t 

(Chromic Anhydride.) 



CrOg. 



Take of 



M.W. — 


100.6. 


1000 gr. 




1850 cc. 




225 « 




1600 « 





Potassium bichromate, 

Sulphuric acid, 

Nitric acid, 92° Tw. (sp. gr. 1.460), 

Water, 



Dissolve the bichromate in 1600 cc. of hot water in a 14-inch 
evaporating dish, and add 1350 cc. of concentrated sulphuric 
acid very cautiously, while stirring actively. Then let it stand 
over night in a cool place, and next day decant the solution 
from the crystals of potassium sulphate that have deposited. 
Heat the solution to 90° C, and add 500 cc. more of the con- 
centrated sulphuric acid ; if a precipitate of chromic anhydride 
separates, add water until this just dissolves. Evaporate until 
the trioxide begins to form crystals in the liquid, and then let 
it stand for a day or two in a cool place. Decant the mother 



* Gerlach, Zeit. anal. Chem. 28, 494. 
t After Zetnow, Fogg. Ann. 143, 468. 
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liquor from the crystals of chromic anhydride, and evaporate 
further for more crystals. Drain and wash with 150 cc. of very 
concentrated nitric acid (92° Tw., sp. gr. 1.460) ; drain and 
wash again with 75 cc. of the concentrated acid. This removes 
adhering sulphates and sulphuric acid. Concentrated nitric 
acid must be used because dilute acid will dissolve the crystals. 
Finally dry the crystals in a small evaporating dish on the sand 
bath or in the drying closet. 

Reaction : 

K^Ct^O^ + H2SO4 = 2 CrOg + K2SO4 + HjO. 

Properties : 

Chromium trioxide forms needle-like deliquescent crystals 
of a deep red color. It is very soluble in water, forming a 
solution of chromic acid. It is a powerful oxidizing agent, 
the reaction on organic matter being so violent in many cases 
that fire ensues. 

The specific gravity of the aqueous solution at 15° C. con- 
taining 

6% CrOs is 1.037.* 



10% ' 


* 1.076. 


15% ^ 


* 1.118. 


20% * 


* 1.162. 


25% * 


* 1.208. 


30% * 


* 1.258. 


35% * 


* 1.312. 


40% * 


' 1.373. 


45% * 


* 1.440. 


50% * 


* 1.512. 


55% * 


* 1.587. 


60% * 


* 1.666. 



Chromium trioxide as such is not very extensively used in 
the arts, a mixture of potassium bichromate and sulphuric acid 

* Gerlach, Zeit. anal. Chem. 27, 300. 
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being employed instead. It is used somewhat in organic prep- 
aration work and analyses. Commercial samples are frequently 
contaminated with sulphates and free sulphuric acid. 



36. CUPRIC CHLORIDE. 

CuCV2 H2O. M.W. = 170.5. 

{a) Take of 

Copper sulphate (crystallized), 3000 gr. 

Soda ash, 1400 " (approx.) 

Hydrochloric acid, 36° Tw. (sp. gr. 1.180), 2150 cc. (approx.) 

Water, 6000 " 

Dissolve the copper sulphate (bluestone) in 6 liters of hot 
water in a 4 or 6 gallon earthenware crock, using a steam coil of 
copper pipe to heat the liquid. When the copper sulphate is 
all dissolved, add a concentrated solution of soda ash in warm 
water to the copper solution, a few cc. at a time, until carbon 
dioxide ceases to be given off. Keep the solution hot by means 
of the steam coil during the precipitation. Much care is neces- 
sary to prevent frothing over the top, owing to the vigorous 
effervescence. When the action ceases, fill the crock with water, 
stir well, and let it stand quietly until the basic copper carbon- 
ate * settles. Syphon off the top liquor, which may be con- 
centrated to recover the sodium sulphate (p. 203) if desired. 

♦This has the probable composition CuCOs, Cu(OH)2+H20, but this is not 
certain, as it varies somewhat according to the conditions of the precipitation. 
It is of a bluish green color and is rather difficult to filter. It holds persistently 
to traces of the alkali sulphate and can scarcely be freed from this impurity by 
long washing. But it is a most convenient material for the preparation of 
other copper salts, and yields products quite pure enough for most purposes. 
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Wash the green precipitate of basic copper carbonate with 
water until the wash waters are free from sulphates. Filter, 
and press the precipitate (p. 18) to remove the surplus water, 
and dissolve the mass in hydrochloric acid (sp. gr. 1.200), 
adding a few cc. at a time until the copper carbonate is nearly 
all dissolved. Heat on the steam table about an hour, and 
filter hot on glass wool or asbestos (p. 15). Concentrate the 
green filtrate of copper chloride to a density of 88° Tw. 
{ap. gr. 1.442), and allow it to stand quietly to crystallize. 
Drain the needle-like crystals in a Biichner funnel by the aid 
of suction (p. 14), and dry them at a low temperature in the 
warm closet (p. 25). Bottle at once in a dry bottle, and 
stopper tightly. Evaporate the mother liquor down to small 
bulk for more crystals. 

Reactions : 

2 CuSO^-5 H^O + S Na^COa^ 

2 Na^SOj + CuCOaCu(0H)3 -j- COj + 9 HjO. 
CuC03-Cu(OH)2 + 4 HCl = 2 CuClj + S 11^0 + COj. 
(J) Take of 
Copper oxide (copper scales), 280 gr. 

Hydrochloric acid, 36° Tw. (sp. gr. 1.180), 640 cc. 
Nitric acid, 67° Tw. (sp. gr. 1.335), 50 " 

Put the copper scales into a 12-inch evaporating dish, and 
add just enough water to make a thick paste. Add the hydro- 
chloric acid slowly, stirring constantly, and allow the reaction 
to continue as long as it will without heating. Then heat the 
solution nearly to boiling, and stir well at frequent intervals. 
Add the nitric acid to the hot liquid, a very few cc. at a time, 
stirring thoroughly after each addition. This oxidizes any i 
cuprous chloride to the cuprie state. A very active effer- J 
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yescence occurs, and great care must be exercised in adding 
the nitric acid lest the solution boil over. When the action 
ceases, boil to drive off any undecomposed nitric acid. Test 
the solution for cuprous chloride by allowing one drop of the 
liquid to fall into a test tube full of cold water. If any 
cuprous salt is present a white turbidity will appear in the 
water. If only cupric salt is present the water takes on a xery 
faint greenish tinge. Filter on an asbestos filter, using the 
suction pump (p. 13). Evaporate the green filtrate of cupric 
chloride until it reaches a density of 88° Tw., and put into a 

cool place to crystallize. [J. W. Smith, private communication.] 

Since copper scales contain more or less cuprous oxide and 
sometimes small quantities of metallic copper, no exact equa- 
tion can be shown ; neither are the amounts of acids given 
above more than approximate. 

Properties: 

Cupric chloride forms slender deliquescent crystals of pale 
green color. The salt is very soluble, 100 parts of water at 
16° C. dissolving about 120 parts of the crystallized salt.* 

The specific gravity of the aqueous solution at 17.5° C. 
containing 

6% of the salt is 1.0465.t 



10% 




' 1.0920. 


16% 




' 1.1665. 


20% 




' 1.2223. 


25% 




' 1.2918. 


30% 




' 1.3018. 


35% 




' 1.4447. 


40% 




' 1.5284. 



When heated in a porcelain dish on the steam bath and then 
gently over the lamp, the "water of crystallization" is driven 
off and a brown anhydrous powder remains, which dissolves 

♦RuDORFF, Ber. 6, 484. 

t Franz, J. pr. Chem. [2] 5, 274. 
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readily in water to form a green solution of cupric chloride. I 
Solutions of coppei' chloride dissolve cellulose and should not 'J 
be filtered on paper or cotton cloth. 



37. CTJPRIC-AMMOSITJM CHLORIDE. 

CuCl3-2 NH^Cl-2 H^O. ■ M.W. = 277.5. 

Ciipric-I'otassiuin Clilnrldo. 
CuCla-2 KCl-2 HgO. M.W. = 319.5. 

To make the cupric-ammojiium chloride : 
Take of 

Cupric chloride (crystallized), 340 gr. 

Ammonium chloride (purified), 214 " 

Water, 1850 cc. 

Dissolve the cupiie chloride and the ammonium chloride ] 
separately, each in 925 cc, of hot water, and mix the two solii-fl 
tions, stirring thoroughly. Evaporate on the steam bath to a I 
density of 55° Tw. (sp. gr. 1,275) and allow to crystallize.! 
Decant the mother liquor and drain the ciystals, drying theajV 
in the warm closet at a temperature of about 25° C. for 24¥ 
hours, and finally, at about 50° C, for arfother day. Evaporates 
the mother liquor further for more crystals, adding a few ccC 
of ammonia to replace what may have been lost in evaporating, f 
Recrystallize these crystals from water, and diy as above. 

Properties : 

Cupric-ammonium chloride fonns bluish green crystals which. J 
are soluble in 2 paiis of water and also in alcohol. A concen^g 
trated aqueous solution of the salt is used in the determinatioi 
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of carbon in iron and steeL as it dissolYes the iron without 
forming any volatile compounds of carbon. 

Cuprie-potassiam chloride is made in the same general way 
as the aboTe, sabstitnting potassiom chloride for the anmioninm 
chloride, and evaporating the solution of the double salt down 
to 90® Tw. (sp. gr. 1.450) before allowing to crystallize. The 
crystals are bluish green, very similar to the ammonium salt, 
and are used for the same purpose in iron and steel analysis. 



38. CUPRIC Sn-PHATE. 

(Blue VitrioL) 
CuS04-5 H,0. M. W. = 249.4. 

(a) Very pure ciystallized copper sulphate may be obtained 
by evaporating the solution left in the flask after the prepara- 
tion of sulphur dioxide (p. 220). The solution should be diluted 
and filtered before evaporating to the crystallizing point. 

(5) Commercial copper sulphate or '^ bluestone '* contains 
some iron. This mav be removed as follows : 

Dissolve 2 kg. of bluestone in 2 liters of hot water and bring 
to boiling. Add about 25 gr. of lead peroxide, and boil the 
mixture for an hour, replacing the water lost by evapioration. 
Then take out a test portion of 10 cc. of the solution. cc»c»L and 
add a few cc. of barium carbonate paste and shake for i<en 
minutes. Warm slightly, and filter into another test iul«e- 
Add anmionia to the filtrate until the green coj»per Lydraie 
precipitated at first just rediss^nlves. Pour the ammoniaoal 
solution into a fresh filter, and. after it has run thix^mrh. wash 



..- T .... 



the filter with water once or tA^-ic-e to remove the blue c-Oic»r; 
tion. If this washing discovers a red or brijwn f»reeif«iLaxe on 
the filter, the iron has not Ixren e«:'iL:].'iriely oxi-iized Ly loiling 
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with the lead peroxide. In this case, agaiu add 10 gr. of lead 
peroxide to the solution of bluestone, boil another half hour, 
and repeat the test for iron. 

If no red nor brown coloration is seen on the filter paper, 
dilute the solution of cupric sulphate, and let it cool. Then 
add 25 cc. of barium carbonate paste (p. 75) and stir well 
while cold. Let it stand several hours, stin-ing fi-equently, and i 
then warm * and filter. The precipitate is very fine, and it is ^ 
diiBcult to I'eniove it all at one filtration. Evaporate the j 
solution to 51° Tw. (sp. gr, 1.256), and filter again if turbid in I 
the slightest degree. Let it cool slowly, and large blue cryBtala I 
of copper sulphate separate. Fine crystals may be obtained I 
if the solution is stirred as it cools. Evaporate the mother liquor J 
for more crystals. Drain them in a funnel, and spread on a plate 1 
in the coolest part of the warm closet for a short time to dry. , 
If left here too long, efflorescence is very apt to take place. 
Properties : 

Solubility in 100 parts of water. 



Temperature. 


CuSOi-6 HjO.t 


CuSOi.t 


0=C. 




15.5 


10° " 


.S6.S6 


19.0 


150 " 




20.5 


20° " 


42.31 


22,0 


26° " 






30= " 


49.81 


25,5 


40= " 


66.00 


20. G 


50° " 


65.83 


33.6 


OO" ■' 


77.39 


30.0 


70" " 


04.60 


45.7 


80'' " 


118,03 


53.5 


00° " 


156.44 




100° " 


203.32 


73.5 


104° " 




77.06 



* Bjr worming the mixture, the barium carbonate ma; also precipitate anyv 
zinc or nickel present in the solution. 

1 PoofiiALB, Ann. Chlra, Phja, [3] 8, 46-3. 
) MuLUER, Schelk, Verhand. 1864, 79. 
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The specific gravity of the aqueous solution at 18^ C. con« 
taining 

1% CuS04-6 H2O is 1.00C3.* 



6% 


H 


'• 1.0319. 


10% 




" 1.0649. 


16% 




" 1.0993. 


20% 




" 1.1354. 


25% 




« 1.1738. 


30% 




" 1.2146. 



Copper sulphate forms triclinic crystals of a dark blue color. 
When heated to 200° C, all the " water of crystallization " is 
expelled and a white powder is left which is exceedingly 
hygroscopic. 

Calcined copper sulphate is often used to abstract water from 
alcohol and other liquids in which it is insoluble. Crystallized 
copper sulphate is used to some extent in dyeing, as a preserva- 
tive agent, as the source of other copper salts, etc. 



39. FERRIC CHLORIDE. 

FeClg-e H2O or Fe2Cl6-12 H2O. 

(a)t Take of 

Iron (nails or bands). 

Hydrochloric acid, 36° Tw. (sp. gr. 1.180), 

Nitric acid, 68° Tw. (sp. gr. 1.340), 

Water, 

Put the iron into a liter flask with 227 cc. of the hydrochloric 
acid which has been diluted with 125 cc. of water. The solu- 

* ScHiFF, Gerlach, Zeit. anal. Chem. 8, 288. 
t After U. S. Pharmacopoeia, 1890. 



M.W.= 


= 270.5. 


75 


gr. 


345 


cc. 


30 


(( 


150 


u 



108 



INORGANIC CHEMICAL PREPARATIONS. 



tion of the iron is slow at first but soon becomes very active, 
and the liquid becomes pale green in color. Cover the mouth 
of the flask with a watch glass, and let it stand on the steam 
table until all action ceases. A solution of ferrous chloride is 
thus obtained. Heat to boiling, and filter hot through a folded 
filter, into another flask containing 119 cc, of the hydrochloric 
acid. Wash the residue and the flask once with a very little 
hot water, pouring the wash water through the filter. Weigh 
a 10-inch evaporating dish, then put into it 30 cc. of nitric acid, 
and add the mixture of ferrous chloride and hydrochloric acid 
in a slow fine stream. A vigorous effervescence takes place, 
and the green color changes to brown. When effervescence 
ceases, heat the dish on a sand bath until all the nitric acid has 
been expelled. Dilute a few drops of the solution with water, 
and teat with ferricyanide of potassium solution. If a blue 
color or precipitate forms, add nitric acid drop by droji until 
no more feri'ous salt remains. Evaporate the liquid down 
somewhat, and add 22 cc. of hydrochloric acid. Dilute if 
necessary with sufficient water to make the total contents of 
the dish weigh 300 gr,, and put it under a bell jar in a cool 
place for some days. The entire solution gradually solidifiea 
into a single cake of ferric chloride. Break this into lumps, 
put into a dry, cold bottle, and keep in a cool place, protected 
from light. 

Reactions : 

Fe+2 HCl = FeClaH-Ha. 

2 FeClj + 2 HCl + O — 2 FeCig + HjO. 

(&) Take of 

Metallic iron (nails or bands), 75 gr. 

Hydrochloric acid, 36° Tw. (sp. gr. 1.18), 225 cc. 
Water, 150 " 
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Put the iron into a liter flask, add the acid diluted with the 
water, and allow it to stand until all action ceases. Then 
conduct a sti'eam of chlorine gas (p. 40) into this solution of 
ferrous chloride until a drop or two of the liquid diluted with 
6 cc. of water gives no blue nor green color, but becomes brown 
with potassium ferricyanide solution. Evaporate down to a 
thick liquid, by which all excess of chlorine is driven off, 
and allow it to stand quietly for some days to crystallize. 
If the solution be concentrated to 1.5 sp. gr. and then cooled 
down to 10° C, crystals having the composition FejCl^-G HgO 
separate.* 

(<?) Ferric chloride may also be prepared by dissolving the 
ferric hydrate from experiments on pages 163, 173 in hydro- 
chloric acid. 

Properties : 

Ferric chloride, frequently called " sesquichloride of iron," 
is a yellow crystalline mass, very soluble in water and deli- 
quescent in damp air. It melts in its water of crystallization 
at 35® C. On heating strongly, water and hydrochloric acid 
escape, and some anhydrous salt volatilizes, leaving a residue 
of ferric oxide. The aqueous solution is of a dark reddish 
brown color, and is thick and oily in appearance. The salt is 
also soluble in alcohol and ether. 

The specific gravity of aqueous solution of ferric chloride at 
17.5® C. containing 

10% of the salt is 1.0734.t 
20% " « 1.1542. 
30% « " 1.2668. 
40% " " 1.3622. 
50% " « 1.4867. 
60% " « 1.0317. 

* WiTTSTEiN, Repertor. d. Chem. [2] 36, 30. 
t FsANz, J. pr. Chem. [2] 5, 283. 
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Ferric chloride finds some use as a laboratory reagent, in 
medicine and as a disinfectant. The usual impurities present 
are arsenic, copper, and nitric acid. 



40. FERRIC HYDRATE.* 

(Ferric Hydroxide.) 

FcaOg- X HgO or Fe(0H)8. M.W. = 107. 

Take of 

Ferric sulphate solution (p. 112), 200 cc. 

Ammonia hydrate (sp. gr. 0.960), 225 " 

Water, 2500 " 

Dilute the ammonia with 500 cc. of water, and put the solu- 
tion into a precipitation jar (Fig. IX, p. 19). Dilute the ferric 
sulphate with 2000 cc. of water, and add to the dilute am- 
monia, stirring actively. Let the jar stand quietly until the 
red precipitate of ferric hydrate settles, and draw off the clear 
liquid, which may be evaporated for the recovery of ammonium 
sulphate if desired. Wash the ferric hydrate with cold water 
until the wash waters show no more than a trace of sulphate. 
Put the wet precipitate on a cloth filter (p. 10), and let it drain. 
Then fold in the cloth, and press in the screw press, or put into 
a Biichner funnel and remove excess water by suction (p. 13). 
Dry on glass plates in the warm closet. 

Reaction : 

Fe2(S04)8 + 6 NH^OH = 2 Fe(0H)8 + 3 (NH4)2S04. 

* After the U. S. Pharmacopoeia, 1890. 
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Properties : 

Ferric hydrate is a red powder, insoluble in water but solu- 
ble without residue in hydrochloric and sulphuric acids, form- 
ing ferric salts. When heated, the hydroxide loses water and 
passes over to the oxide. 

When moist and freshly precipitated it is used as an antidote 
for arsenical poisoning. Its composition varies much according 
to the method of its preparation. 



41. FERRIC NITRATE. 

Fe(N08)8. M.W. = 242. 

Fe(N08)8- 6 H2O. M. W. = 350. 

Fe(N08)8-9 H2O. M.W. = 410. 

Take of 

Iron (bands or nails, bright), 100 gr. 

Nitric acid, 67° Tw. (sp. gr. 1.335), 630 cc. 

Put the acid into a 10-inch evaporating dish and warm to 
60—70° C. Add the iron a few bits at a time, and allow the 
tetion to proceed until a red brown precipitate of basic ferric 
'iterate begins to form. Filter the red brown solution on glass 
^c>ol (p. 12) or decant it, add an equal bulk of very concentrated 
^tixic acid (sp. gr. 1.420), and allow to stand in a cool place to 
^^^^stallize. Colorless crystals of the nitrate finally separate, 
^l^ch contain 6 or 9 HgO, according to the concentration of the 
^^Ixation. Pour off the acid mother liquor and dry the crystals 
^ ^ desiccator over sulphuric acid. 

Fe + 4 HNO3 = Fe(N03)3 + 2 HgO + NO. 
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Properties : 

Ferric nitrate forms colorless crystals which are deliquescent 
in the air. They are very soluble in water and also dissolve in. 
alcohol. 

The specific gravity of a solution of ferric nitrate at 17.5° C. 
containing 

of the salt is 1.0398 * 



10% * 




1.0770. 


15% * 




1.1182. 


20% * 




1.1612. 


25% * 




1.2110. 


30% ' 




1.2622. 


35% * 




1.3164. 


40% * 




1.3746. 


45% ^ 




1.4338. 


50% ^ 




1.4972. 


55% * 




1.5722. 


60% * 




1.6572. 


65% * 




1.7532. 



The solution obtained by dissolving the iron is used for 
dyeing black on silk and buff on cotton. 



42. FERRIC SULPHATE (Solution). 



Fe2(S04)8 + Aq. 
(a)t Take of 



M. W. (of anhydrous salt) = 400. 



Ferrous sulphate, 800 gr. 

Sulphuric acid, 167° Tw. (sp. gr. 1.835), 83 cc. 

Nitric acid, 80° Tw. (sp. gr. 1.40), 80 " 

Water, 400 " 

* Franz, J. pr. Chem. [2] 5, 274. 
t After U. S. Pharmacopoeia, 1890. 
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Put the sulphuric acid into a 12-inch evaporating dish with 
400 cc. of water and heat to about 90° C. Add the nitric acid 
and stir well. Pulverize the ferrous sulphate, and divide it 
into 4 or 5 portions, adding 1 portion at a time to the hot 
acid. Stir well after each addition, waiting until the effer- 
vescence quiets down and the ferrous sulphate is in solution 
l)efore adding the next portion. Test the solution by adding 
to it while hot a drop or two of nitric acid ; if red fumes are 
evolved, add more nitric acid until this evolution of fumes 
ceases. Heat to boiling until all nitrous fumes are expelled 
and the solution is a deep reddish brown color. Concentrate 
until the density at 16° C. is 130° Tw. (sp. gr. 1.1660), and 
preserve as a liquid. 

Reaction : 

6 FeSO^- 7 HgO + 3 HgSO^ + 2 HNO3 = 

3 Fe2(S04)3 + 46 H^O + 2 NO. 
(6) Take of 

Ferric hydrate, 200 gr. 

Sulphuric acid, 167° Tw. (sp. gr. 1.835), 190 cc. 
Water, 300 " 

Warm the acid and water in a 12-inch evaporating dish, and 
add the ferric hydrate slowly, while stirring actively. When 
all action ceases, decant from any residue, and if the density be 
over 130° Tw. (sp. gr. 1.650), dilute with water to that strength. 

Properties : 

Ferric sulphate, obtained by evaporating the above solution 
to dryness, is a white anhydrous substance which readily forms 
basic salts of uncertain composition. The anhydrous salt 
dissolves very slowly in water, but the addition of a small 
quantity of ferrous sulphate hastens the solution very much. 
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Dilute solutions decompose when heated, but if concentrated 
will not decompose even when boiled. The hydrated^salt is very 
soluble in wat«r, and the solution has a strong acid reaction. 

The specific gravity of the aqueous solution at 15° C. con- 
taining 

10% of the salt is 1.096,* 

20% " " 1.20a. 

30% " " 1.331. 







60% 






1.478. 
1.050. 


g 


43. : 


BASIC 


FERRIC 


SULPHATE 


(SolutlOD). 


f e4(S0.),(0H), + Aq. 










Take of 














Ferrous sulphate crystals. 
Sulphuric acid, 168° Tw. 
Nitric acid, 6T° Tw. (sp. i 
Water, 


(sp. 

srr.i 


gr. 1.840), 
..335), 


1080 gr. 

52 ec. 
142 " 
1500 " 



Put the ferrous sulphate into a 14-inch evaporating dish under 
the hood. Mix the sulphuric acid with the ferrous sulphate, 
and then slowly add the nitric acid, diluted with 50 cc. of 
water, in small portions at a time, stirring actively. Cany 
on the reaction at the ordinary temperature of the room at first, 
but when the evolution of nitrous gases slackens, heat the diah 
on the water bath as long as nitrous fumes escape. If the 
action becomes very violent, add a little cold water to moderate 
it. Too violent an action tends to form insoluble basic sulphates. 

The evolution of red fumes of nitric oxide is very copious 
■ Gerlach, Zeit. anal. Cbem. 28, 484. 



FERROUS AMMONIUM SULPHATE, 115 

during the reaction. After the nitric oxide is all removed by 
heating, the product should be a dull yellow paste or a dark 
red liquid, according to the time of heating and the quantity 
of water added during the reaction. Add suflBcient water to 
bring the density to 90° Tw. at 17.6° C, and let it stand and 
settle. Decant the clear solution from any residue, and pre- 
serve as a liquid, protected from air and from strong light. 

, [J. W. Smith, private communication.] 

Reaction : 

12 FcaSO^-T HgO + S H2SO4 + 4 HN03 = 

3 Fe4(S04)5(OH)2 + 86 HgO + 4 NO. 
Properties : 

Basic ferric sulphate is a deep red liquid of strongly acid 
reaction. It should give no precipitate in dilute solution with 
silver nitrate nor with potassium ferricyanide, though the latter 
may impart a blue color to the liquid. The solution is stable 
only when concentrated. This salt frequently forms the major 
part of commercial " nitrate of iron " solutions, which are made 
up of mixtures of normal and basic ferric sulphates. It is used 
to a small extent in medicine, but chiefly in dyeing silks black. 



44. FERROUS AMMONIUM SULPHATE. 



FeS04(NHj2SO^-6 HaO. 


M.W. 


— 392. 


Take of 






Ferrous sulphate, 


700 gr. 




Ammonium sulphate, 


332 « 




Water, 


2000 cc. 





Dissolve the copperas and the ammonium sulphate separately 
in part of the water, forming concentrated solutions at 60° C. 
Filter if necessary, and mix the two hot solutions while stirring 
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well. Concentrate the solution, add 10 cc. cone, sulphuric 
acid, and when allowed to crystallize, clear green crystals of 
the double sulphate separate. Remove from the mother liquor, 
di'ain or run through the centrifugal macliine, and dry quickly 
at a low temperature. Evaporate the mother hquor for more 
crystals. 

Properties : 

Ferrous ammonium sulphate is quite peimanent in the air. 
Because of its constant composition, and also from the fact thab 
its molecular weight is exactly seven times that of iron, it is 
used as a standard in volumetric determinations of ii'on, 

100 parts of water at 



I 



Note that the above table applies only to the anhydrous salU 
The aqueous solution of the salt should not give a red col 
nth potassium sulpliocyanide. 



45. FERltOUS SULPHATE. 

(Copperas or Green Vitriol.) 
FeSO^-T HaO. M.W. = 

(a) Take of 

Iron nails or turnings, 400 gr. 

Sulphuric acid, 168° Tw. (sp. gr. 1.84), 400 ec. 

Water, 2000 " 

•T0BT.F.J1, Ann. 95, 198. 
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Dilute the acid with the water, and pour it over the nails in 
a large evaporating dish or crock. The solution of the iron is 
rapid, and a clear green liquid is obtained. When the action 
becomes slow, heat the dish until the acid is nearly neutralized 
and the action almost stops. Filter hot by upward filtration 
and suction (see Filtration, p. 15) to remove the sediment of 
carbonaceous matter and dirt. Concentrate the filtmte rapidly 
to 55° Tw. (sp. gr. 1.275), and allow to cool and crystal- 
lize. Pour off the mother liquor, and wash the crystals with a 
small quantity of water. Remove the last portion of wash 
water by the centrifugal machine, and dry the crystals care- 
fully at about 25° C. in the drying closet, examining them 
frequently and removing them at the first indication of efflo- 
rescence. Pack in a dry bottle at once, and stopper tightly. 

Concentrate the mother liquors, add 10-20 cc. of strong 
sulphuric acid and 2 or 3 clean bits of iron or nails, and allow 
the action to continue until all ferric salt is reduced to ferrous. 
Filter hot, and allow to crystallize again. 

(6) In the preparation of hydrogen sulphide gas from fer- 
rous sulphide and sulphuric acid, a solution of ferrous sulphate 
is obtained, which will yield very pure crystals, as follows : 
heat the liquid with a little ferrous sulphide to neutralize any 
free acid and reduce any ferric salt. Then filter at once while 
hot, and allow to crystallize. Separate the mother liquors and 
crystals, as in the previous case. 

Commercial copperas may be purified by dissolving it in 
water (see Solution, p. 5), adding 10 cc. concentrated sul- 
phuric acid for each liter of solution, and several pieces of 
clean iron. When completely reduced, filter and crystallize as 
above. 

FeS + H2SO4 = FeSO^ + HaS. 
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Propertiet : 

Ferrous sulphate is very soluble. 100 parts of water at 
10° C. diaaolve 60.9 parts FeS04-7 HjO. 



The following table shows the strength of aqueous solutions I 



at 17.2° C. : 








6.8" Tw.^ 5%1 


eSO, 


THjO, 


r 2.735% JeSO 


10.0° " =10% 






' 6.47 % ■■ 


23.1- " =20% 






' 10.94 % " 


29.6° " =25% 






' 13.675% " 


36.3" " -30% 






■ 18.41 % '■ 


43.1" ■■ =35% 






■ 10.145% ■' 


50.3° " =40% 






' 21. B8 % " 



The pure salt forms large green crystals containing 7 HjO. 
These quickly effloresce on exposure to the air, and at 110° C. 
lose all but one molecule of water and fall to a white powder. 
If not dry, the crystals oxidize very quickly on exposure, and 
the color becomes more or less brown or yellow. The addition 
of alcohol to a concentrated solution of ferrous sulphate causes j 
a precipitation of fine crystals containing 7 molecules of water, 
which keep well even on exposure to the air. 

The salt is known in commerce under the name of copperas, 
green vitriol, or protosulphate of iron. 

The pure salt showa no reactions for manganese, copper, 
arsenic, nor zinc, which frequently contaminate the commercial 
article. 
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46. LEAD ACETATE. 

(Sugrar of Lead.) 

Pb(C3H802)2-3 HgO. M.W. = 378. 

Take of 

Litharge, 1000 gr. 

Acetic acid, 8° Tw. (commercial No. 8), 1750 cc. 

Put the litharge into a 14-inch evaporating dish, and add the 
acetic acid in portions of 200 cc. each, stirring with a porcelain 
spatula after each addition. No heating is necessary at first, 
but after all the acid has been added put the dish on the steam 
bath, and heat until all action ceases, stirring frequently. 

Litharge generally contains copper as an impurity, and this 
shows its presence by coloring the solution of lead acetate, 
green. To remove the copper, put a clean piece of metallic 
lead into the solution, and let the dish stand quietly on the 
steam bath. The copper is slowly deposited on the lead ; after 
some hours remove it, scmpe and scour it until bright, and put 
it into the liquid again, repeating this process until the solution 
is free from copper. Dilute with water, let stand quietly on 
the steam bath to settle, and decant the clear liquid, hot, through 
a cloth filter, for the muddy residue is apt to clog the filter and 
cause very slow filtration. It is also well to remove the clear 
filtrate from the receiving vessel before putting the sediment 
on the filter, as the liquid may run through cloudy at first. 
Concentrated solutions of lead acetate cannot be filtered easily 
because of their syrupy character. 

It is best to use a little less than the theoretical quantity of 
acid, as a slight excess of litharge tends to prevent the solution 
of the iron and aluminum oxides which may be present in the 
litharge. 
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After filtration evaporate the solution on the steam bath to I 
a density of 80° Tw. (ap. gr. 1.40), adding a little acetic acid 
during the evaporation until the solution shows a slight acid 
reaction to litmus paper. Allow to cool slowly. Drain the 
needle-like crystals, and then use the centrifugal machine to 
free them from the mother liquor. If the crystals are yellow- 
ish, they must be redissolved in wat«r and recrystallized ; 
when white, dry them on glass plates, at a very moderate tem- 
perature in the drying closet. They must be watched very 
closely while drying, for if any mother liquor adheres to them 
they will melt, or if left in the drying closet too long they will 
effloresce. The mother hquor wiU yield more crystals if evapo- 
rated further. 



PbO + 2 CaH^O^ = Pb(CaH30a)2 + H^O. 






Properties : 

Lead acetate forms needle-like crystals containing S mole- 
cules of water. The crystals effloresce in the air, and melt in 
their water of crystallization at 75° C. The salt is very solu- 
ble, dissolving in 1.5 parts of water at 15° C. and in one part 
at 40° C. The solution absorbs carbon dioxide from the air and 
becomes very turbid through precipitation of lead carbonate. 
Solutions of lead acetate ■wiU dissolve litharge, fonning basic 
acetates, of which several are known. The pure salt is white 
and has a sweet taste, and hence it is known as " sugar of lead." 
It is very poisonous. Being one of the few soluble lead salts, 
it is important commercially as a source of other lead compounds, i 
The crystallized salt should yield a nearly neutral solution i 
which no copper nor alumina should be found. The aqueom 
solution should be perfectly clear (absence of carbonate, met<d 
lead, etc.) and give no tests for nitric nor hydrochloric acidt 
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121 



Xlie specific gravity of an aqueous solution at 20' 
coiitaining 

Pb(CsH30s)i-3 H,0 is 1.0311. 



c. 



10% 

16% 
20% 
25% 
30% 
36% 
40% 



u 



(4 



II 



<l 



II 



II 



II 



1.0622. 
1.0932. 
1.1242. 
1.1643. 
1.1844. 
1.2142. 
1.2440. 



(a) Take of 



47. LEAD CHROMATE. 



M.W. = 323. 



Lead nitrate, 
Potassium bichromate, 
Water, 



2000 gr. 
880 " 
14 liters. 



Dissolve the lead nitrate in 2500 cc, of hot water, filter if 
necessary, dilute the solution with 2500 cc. of cold water, and 
put into a large crock or precipitation jar (Fig. IX, p. 19). 
Dissolve the bichromate in 2500 cc. of hot water, and filter, 
allowing the filtrate to run into a large crock containing 6 
liters of cold water. Reserve about 1 liter of each solution. 
Pour the cold bichromate solution into the lead nitrate solution, 
stirring well with a large spatula or wooden paddle. Filter off 
a test portion of 10 cc, and note the color; if yellow, add a 
drop of the reserved lead nitrate. If a precipitate falls, add 
about 100 cc. of the lead nitrate to the contents of the crock, 
stir well for 6 minutes, filter off another test portion of 10 cc, 
and repeat the test, adding lead nitrate to the contents of the 
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crock in small portions until all the bichromate has been _ 
cipitated. Then reverse the process, using the reserved bichro- 
mate as a neutralizing liquid until nearly all of one or the 
other reserved portion has been added and no excess of either 
is present. Allow to settle, and draw or siphon off the super- 
natant liquid. This may be evaporated for the recovery of the 
potassium niti-ate (p. 176). 

Fill up the jar with water, and stir well, thus washing the 
precipitate by decantation several times (p. 20) until a test of 
the wash water shows no nitrate present. This will require 
8 or 10 or even more washings. Having drawn off the final 
wash water, transfer the precipitate to a cloth filter having two 
cloths, the upper one loose and lai*ge enough to fold in the 
precipitate, forming a bag in which it may be pressed in the i 
screw press (p. 18) after the water has drained away. PresB 
heavily until no more water can be extracted, and remove the 
cake of lead chromate from the cloth, break into cubes three- 
fourths of an inch on a side, and diy on glass plates in the 
warm closet. Lead chromate prepared in this way may be used 
for making fused chromate (p. 124), or it may be preserved as 
precipitated chromate. 

Reaction : 

2Pb(NO,), + K3Cr,0, + H,0 = 

2 PbCr^O^ + 2 KNO3 + 2 HNO,. 
(5) Take of 

Lead acetate, 2000 gr. 

Potassium bichromate, 1550 " 

Water, 18 liters. 

Dissolve the lead acetate in 3 liters of water, filter, and put 
into a large precipitation jar (p. 19). Dissolve the bichromate 
in 15 liters of water, and filter. Mix these solutions in the 
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same way and with the same precautions as described in (a). 
Wash and dry the precipitated chromate as above. 

Reaction : 

2 Pb(C2H302)2-3 H^O + K^Cr^O, = 

2 PbCrO^ + 2 KC2H3O2 + 2 C2H4O2 + 6 HgO. 

Properties : 

Lead chromate, as above prepared, is an orange yellow 
powder, very insoluble in water and in acetic acid. It dissolves 
in strong nitric acid and in caustic potash solution, and is 
decomposed by hot hydrochloric and sulphuric acids. It fuses 
at a red heat unchanged, but at higher temperature gives off 
oxygen. This liberation of oxygen occurs at a much lower 
temperature in the presence of organic substances, and on this 
fact depends the use of fused lead chromate in organic analysis. 

The precipitated chromate is much used in the arts, e,g, in 
paints, as "chrome yellow." By mixing sodium sulphate or 
alum with the potassium bichromate solution before precipitat- 
ing the chromate, more or less lead sulphate is thrown down 
with the chromate, thus lightening the color of the precipitate. 
In this way a number of shades of " chrome yellow " are prepared. 

When boiled with dilute caustic soda solution or with lime 
water, lead chromate is converted into an orange or red basic 
lead chromate, known in the arts as " chrome orange " or 
*' chrome red," and used as a pigment. This change is shown 
by the following 

Heaction : 

2 PbCrO^ + 2 NaOH = PbCrO^-PbO + NagCrO^ + HgO. 
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48. LEAD CHBOMATE (FHsed). 
PbCrO^-xPbO. 

Heat thoroughly dried, precipitated lead chroraate in an 
iron crucible until it just fuses, and pour it into an iron pan, 
forming a brown crystalline layer about one-eighth of an inch 
thick. Break this up into coarae grains, and bottle for use in 
oi^anic analysis. 

The temperature must not go above a low red heat, or more 
or less decomposition occurs. The crucible should be kept 
covered and its contents protected from any reducing flame. 
Fusion drives off any moisture and destroys any organic or 
carbonaceous matter present in the chromate. 

A convenient way to fuse lead chromate is to use the Roessler 
furnace, with a crucible having a bole bored in the bottom. 
Place a pan under the furnace to catch the fused chromate as it 
flows in drops from the crucible. By this method overheating 
the chromate is avoided, for as soon as it liquefies, it escapes 
from the crucible and is cooled at once. When the fusion has 
once started it is only necessary to feed the dry chromate into 
the crucible as fast as it melts down, [J. w. Smith.] 



Fused lead chromate is a. more or less basic salt of a dark 
brown color and crystalline structure. It is used in oi^anic 
analysis for the combustion of substances containing sulphur. 
The commercial product is frequently contaminated with car- 
bonaceous matter which causes an evolution of carbon dioxide 
on heating. 



J 
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49. LEAD NITRATE. 

P^NOgV M.W. = 381. 

Take of 

Litharge, 2500 gr. 

Nitric acid, 67° Tw. (sp. gr. 1.335), 2000 cc. 
Water, 4000 " 

Put the litharge into a 16-inch evaporating dish, and add 500 
cc. of water, stirring to form a thin paste. Dilute the nitric 
acid with 1000 cc. of water, and add to the litharge in portions 
of about 100 cc. at a time, stirring thoroughly after each addi- 
tion. When all the acid has been added, heat on the steam 
bath to about 90° C, and keep at that temperature for a couple 
of hours, stirring frequently. Add the remaining 2000 cc. of 
hot water to replace that evaporated, and to dissolve the nitrate 
completely, and stir until nothing more appears to go into so- 
lution. If the litharge contains copper, put a clean piece of 
metallic lead into the solution ; this causes a precipitation of the 
copper on the lead, which must be removed at frequent intervals 
and scraped and scoured clean. In two or three days the 
copper will nearly all be removed. Keep the lead plate in the 
solution while evaporating to dryness on the steam bath. When 
dry add about 100 cc. of strong nitric acid; let this act for a few 
moments, and then take up with 4 liters of hot water, heat to 
90° C. or above, and filter hot on a cloth filter or by upward 
filtration (p. 16). Concentrate the clear filtrate to a density of 
100° Tw. (sp. gr. 1.50), and let it cool veiy slowly. If a few 
cc. of nitric acid be added to the solution just before allowing 
it to crystallize, the crystals obtained will be transparent and 
colorless. If no excess of acid is present when crystallization 
takes place, the crystals are usually white and opaque, Recrys- 
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tallize the product once from water containing a little nitric 
acid. Decant the mother liquor from the crystals, and after 
draining, dry them in the warm closet. Evaporate the mother 
liquor for more crystals. 

Reaction : 

PbO + 2 HNO3 = Pb(N08)2 + H2O. 

Properties : 

Lead nitrate crystallizes in regular octahedrons, containing 
no water of crystallization. 

1 part of lead nitrate dissolves in 

2.68 parts water at 0° C* 



2.07 






" 10° »' 


1.66 






" 26° *' 


1.26 






" 46° ** 


0.99 






a 650 44 
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100 parts of water at 



0° C. dissolve 36.6 of the salt.t 
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* Kremers, Pogg. Ann. 92, 497. 

t Mulder, Scheik. Verhand. 1864, Q^, 
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The specific gravity of the aqueous solution at 17.6° C. con- 
taining 

6% Pb(N08)a is 1.044.* 



10% 


»» 1.092. 


16% 


»» 1.144. 


20% - 


»» 1.200. 


26% 


»» 1.263. 


30% 


*» 1.333. 


35% 


** 1.409. 



Saturated solution is 1.433. 

It is important as furnishing a soluble lead salt which crys- 
tallizes very well and can be purified easily. When heated 
the salt decomposes into litharge, nitrous oxide, and oxygen. 
Basic nitrates may be formed by dissolving litharge in the solu- 
tion of neutral lead nitrate. 



60. LEAD PEROXIDE. 



PbOj. 




M.W. 


— 239. 


Take of 










Lead acetate (or nitrate), 


250 gr. 






Bleaching powder. 


400 " 






Water, 


4i liters. 





Dissolve the lead acetate in 1500 cc. of hot water in a 14-inch 
evaporating dish. Stir up the bleaching powder (calcium hypo- 
chlorite) with 3 liters of cold water, and filter with suction on 
cotton wool or cloth (p. 13). Slowly add about one-half of the 
filtered solution of bleaching powder to the hot solution of the 
lead salt, while stirring actively. The light-colored precipitate 



* Gerlach, Zeit. anal. Chem. 27, 283. 
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of lead peroxide which first separates, becomes dark brown on 
heating the mixture for a time. Filter off 10 cc. into a test 
tube, add a few drops of the bleaching powder solution to the 
filtrate, and warm. If a precipitate is produced in the test 
portion, add more of the bleach solution to the main mass of 
the lead salt solution. Test again, and repeat the process until 
all the lead has been thrown down as peroxide. Stir up well 
after each addition of the calcium hypochlorite liquor, and heat 
nearly to boiling. 

Allow to settle, and decant the top liquor; stir up with warm 
water, and again settle and decant, repeating this process a 
number of times until the wash waters are free from chloride, 
nitrate, or acetate. Free the brown powder from adhering wash 
water hy means of the filter pump, and dry it on a glass plate 
in the warm closet. 

Reaction : 

Pb(C,H30,), + CaOCl, + H,0 = 

PbOa + 2 HCl + C&iC^-R^O^)^. 
Properties : 

Lead peroxide is a heavy brown powder, insoluble in water, 
and in cold nitric or sulphuric acitls. Hydrochloric acid decom- 
poses it cold and other acids attack it when hot. Caustic soda 
and potash dissolve it, forming plurabate of the alkali metal. 
It gives up an atom of oxygen quite readily to oxidizable sub- 
stances, especially when heated. 
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51. MAGNESIUM CHLORIDE. 

MgCl^-e HjO. M.W. = 203. 

Take of 

Magnesite (powdered), 1000 gr. 

Hydrochloric acid, 36° Tw. (sp. gr. 1.180), 2000 cc. 

Magnesium oxide (calcined magnesia), 10 gr. 

Water, 1000 cc. 

Mix the magnesite in a 14-inch evaporating dish with 500 cc. 
of water, heat on the steam bath to about 90° C, and add the acid 
in small portions at a time, stirring actively and allowing the 
effervescence caused by each portion to subside before adding 
the next. When all the acid has been added, keep the solution 
hot for some time, on the steam bath, until all action ceases. 
Test with litmus paper, and, if acid, add a little excess of 
magnesite until neutral. Dilute with 500 cc. of water, add 
30-40 cc. of chlorine water, and keep warm for an hour, stirring 
frequently. Finally add 10 gr. of magnesium oxide (calcined 
magnesia), and stir well while hot. After digesting an hour, 
filter hot on cloth or paper. Evaporate the clear filtrate of 
magnesium chloride on the steam bath to a density of 60° Tw. 
(sp. gr. 1.300) in the hot solution, and allow to cool. It is best 
to separate the crystals from the mother liquor, in the centri- 
fugal machine ; or they may be drained in a funnel covered 
with a watch glass. 

The solution of magnesium chloride should not be boiled 
during concentration, as this may cause decomposition, magne- 
sium oxychloride being formed and hydrochloric acid escaping. 

By the above method, the product may not be free from 
calcium salts, owing to the calcium carbonate in the magnesite. 



INORGANIC CHEMICAL PEEPAIiATlONS. 



For a, pure salt the purified magnesia alba * or calcined mag- 
nesia of commerce may be used. 

Reaction : 

MgCOa + 2 HCl — MgCl^ + H^O + 00^. 

Properties : 

Magnesium chloride crystallizes in white deliquescent crystals 
containing 6 H^O. It is very soluble in water, dissolving in 
0.6 parts of cold and in 0.3 parts of liot wat«r. 

The specific gravity of the aqueous solution at 15° C. con- 
taining 

1% MgOs is 1.0O84.t 
5% " 1. 



10% 
15% 
20% 



1.1311, 
1.1780. 
1.2274. 
1.2791. 



Anhydrous magnesiuni chloride cannot be prepared by heat^ 
ing the crystallized salt, because of the above-mentioned decom- 
position. But the double chloride of ammonium and magnesium 
MgClj'NHjCl'S HjO, formed by adding the required quantity 
of ammonium chloride to the magnesium chloride solution, may 
be evaporated to dryness without loss of hydrochloric acid. By 
heating this double salt, the ammonium chloride passes off as 
volatile matter, leaving the magnesium chloride in the fused 
condition. 

Magnesium chloride ia used to a considerable extent aa a 
stiffening material in textile industries. The pure salt is used 

* Ma:gneBla. alba is a, basic magnesium carbonate of somewliat varying com- 
position, but approximating Mg(0H)j-3 MgCOsSHjO. 
t Geblach, Zeit. anal. Chem. 8, 281, 
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in the laboratory for " magnesia mixture," etc. It should 
dissolve clear in absolute alcohol (absence of sulphates^ sodium 
salts^ etc.), and give no precipitate with ammonium chloride 
and ammonia (absence of phosphoric acid)^ nor with hydrogen 
sulphide, ammonium chloride, ammonium oxalate, nor ammonia 
(absence of hsavy metals^ lime^ etc.). 



52. MAGNESIUM SULPHATE. 

(Epsom Salts.) 
MgSO^-T HjO. M.W. = 246. 

(a) Take of 

Magnesite (powdered), 1000 gr. 

Sulphuric acid, 166° Tw. (sp. gr. 1.830), 680 cc. 

Water, 4000 " 

Put the powdered magnesite into a 16-inch evaporating dish, 
and add 2 liters of water to form a thin cream. Then add, while 
stirring actively, about 50 cc. of the sulphuric acid, and wait 
until the effervescence moderates before adding another portion 
of acid. When about two-thirds of the acid have been added in 
this way, dilute the solution with another liter of water, and 
heat on the steam bath while adding the remainder of the acid 
in portions of about 50 cc. When all the acid has been added, 
dilute with another liter of water, and heat on the steam bath 
for an hour or two, stirring frequently. Test the solution with 
litmus paper, and, if acid, add a little more powdered magnesite 
and boil the solution ; or add a little magnesia alba (basic 
magnesium carbonate) until the solution is neutral. Allow to 
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stand to settle, and, if necessary, decant the clear solution of 
magnesium sulphate through a filter. Evaporate the solution 
to a density of 66° Tw, (sp. gr. 1.330), and allow to cool slowly 
to crj'stallize. Drain the crystals, or put them through the 
centrifugal machine ; dry on a glass plate in the warming oven 
at a temperature of about 25° C. 

No excess of acid should be used, but rather a slight excess 
of the magnesite, to make a neutral solution. The addition of 
a small quantity of precipitated magnesium carbonate or mag- 
nesium oxide assists in the precipitation of iron or alumina. 
Since magnesite contains calcium carbonate, a slight trace of 
CEilcium sulphat« is usually found in the crystals of epaom 
salts. 

Reaction : 

MgCOg -f H^SO^ ~ MgSO, + HjO + CO^. 

(6) The mineral dolomite may be used instead of magnesite, 
but in this case a larger proportion of calcium sulphate con- 
taminates the salt. By calcining the dolomite, and then 
extracting with a small amount of hydrochloric acid, the major 
part of the calcium oxide may be dissolved out, leaving a 
residue of fairly pure magnesium oxide, which may then be 
dissolved in sulphuric acid. 

Properties : 

Magnesium sulphate forms small, clear crystals containing 
7 HjO when crystallized at ordinary temperatures, but only 
6 HjO when deposited from hot solution (over 40° C). The 
crystals melt in their " water of crystallization " when heated 
to 70-80° C, and lose 6 H^O above 150° C. At 200° C. the 
salt becomes anhydrous. 
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100 parts of water at 

(y C. dissolve 26.9 parts MgSOi.* 
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The specific gravity of the aqueous solution at 16° C. con- 
taining 

1% MgS04 is 1.01031. t 

6% « " 1.06164. 
10% " " 1.10629. 
16% " «* 1.16222. 
20% «* « 1.22212. 
26% " " 1.28478. 

The aqueous solution should give no coloration nor precipi- 
tate with hydrogen sulphide, nor should potassium f errocyanide 
cause any change, (iron, copper^ zinc.) Only a trace of chlo- 
ride should be present. Small traces of arsenic are often found 
in commercial samples. 

Magnesium sulphate is extensively used in the textile indus- 
tries and in dyeing ; also in medicine and to some extent in 
agriculture. 

♦Mulder, Scheik. Verhand. 1864, 62. 
t Gerlacii, Zeit. anal. Chem. 8, 287. 
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53. MANGANESE CAKBONATE. 

MnCOg. M.W. =115. 

This substance may be prepared from the waste liquors from 
the preparation of chlorine. Purify the manganous chloride 
solution, as described under " Manganese Chloride" (p. 135). 
Put the purified solution into a precipitation jar (Fig. IX, p. 19), 
and add either sodium carbonate or ammonium cai'bonate solu- 
tion until a test filtered off gives no precipitate with a drop of 
the carbonate solution. Let it settle, and draw off the super- 
natant liquid. Wash the precipitate with distilled water by 
deoantation (p. 20) until free from soluble chlorides and car- 
bonate. Finally decant the last wash water, and free the pre- 
cipitate from water as quickly as possible on a Biichner funnel 
(p. 14). Dry in the warm closet at 40° C, and bottle as soon 
as dry. By exposure to the air the wet carbonate is oxidized 
more or less and becomes daiter. Hence, waahing by decanta^ 
tion maJtes the product a lighter color. 

Reaction : 

MnCl^ + (NH,)2C03 = MnCOg + 2 NH^Gl. 

Properties : 

Manganese carbonate forms a pale pink powder, easily 
soluble in acids (even in acetic acid), but insoluble in water. 
When heated to 300° C. it gives off carbonic acid, and if 
exposed to the air at this temperature, it absorbs oxygen, form- 
ing oxides of manganese. 
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54. MANGANESE CHLORIDE. 

IVInCl2-4 H2O. M.W. = 198. 

The most convenient source of this salt is the acid waste 
iquor from the preparation of chlorine by the use of pyrolusite 
ind hydrochloric acid, as described under "Aluminum Chlo- 
ride " on page 40. Evaporate the acid liquors to dryness on the 
jteam bath to remove all excess of acid. Take up with water, 
ind boil until all soluble matter is in solution. Take about 
3ne-eighth of the solution, and add to it sodium carbonate to 
precipitate manganese carbonate and ferric hydrate. Filter, and 
vfrash the precipitate with water, by decantation (p. 20), until 
Free from sodium salts. Add this precipitate to the main mass 
ni the solution, and boil. Iron is precipitated as hydrate, while 
% corresponding quantity of manganese carbonate goes into 
solution as chloride. After boiling half an hour, dilute the 
solution if necessary, and filter off the iron hydrate and insol- 
uble residue. If the solution of manganese chloride contains 
copper, this may be precipitated by passing hydrogen sulphide 
Into the solution. After filtering, evaporate to a density of 
94° Tw. (sp. gr. 1.470), and allow to stand quietly to crystal- 
lize. Drain the crystals, and dry in a desiccator over sulphuric 
EU^id. 

If the solution is contaminated with calcium or magnesium 
chloride, the manganese may be precipitated by adding am- 
monia and ammonium sulphide, avoiding excess. After 
filtration, wash the precipitated manganese sulphide with 
water until free from ammonia salts, and dissolve in hydro- 
chloric acid, using no large excess of acid. Boil off the 
hydrogen sulphide, and filter if necessary. Crystallize as 
above described. 
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Properties : 

Manganese chloride forms pale red crystals which deliquesce 
in moist air. 

100 parts of water at 

8® C. dissolve 161 parts of the crystallized salt.* 
31.26® " " 266 " " " " 

62.6 ° " " 641 " " " " 

87.6 ° " " 641 " " " 

106.25° " " 666 *« " " " 

It is also soluble in absolute alcohol, from which it may be 
crystallized. 

The specific gravity of an aqueous solution at 16° C. 
containing 

6% of MnCl2 is 1.046.t 



10% « « 


" 1.091. 


20% " " 


" 1.189. 


26% " " 


" 1.246. 


30% « « 


•* 1.306. 


40% « " 


« 1.443. 


46% " « 


" 1.614. 



Solutions of manganous chloride obtained in the generation, 
of chlorine for technical purposes are the chief sources of man- 
. ganese salts. 

The commercial product is often contaminated with sulphate. 



* Brandes, Pogg. Ann. 22, 263. 

t Gerlach, Zeit. anal. Chem. 28, 476. 
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55. MANGANESE SULPHATE. 

InS044 H2O. M.W. = 223. 

InSO^-S H2O. M.W. = 241. 

Take of 

Pyrolusite (powdered), 2000 gr. 

Sulphuric acid, 166° Tw. (sp. gr. 1.830), 1340 cc. 

Mix the pyrolusite with the concentrated acid to form a 
[lick paste. Transfer to a Battersea G crucible, and heat in 
lie Roessler furnace, stirring with an iron rod all the time 
rhile heating, to prevent spurting. After some time the mass 
ecomes solid ; raise the heat to a bright red and keep so for 
n hour. This decomposes the ferrous sulphate into ferric 
xide, and sulphuric anhydride which volatilizes. Allow the 
nicible to cool, and break out the fused mass. Crush to a 
Darse powder, and lixiviate with hot water in a 14-inch evapo- 
iting dish. Filter, and wash the brown mud with two or three 
rash waters, adding these to the main filtrate. Concentrate 
le solution of manganous sulphate to a volume of 3 liters. 
!*o remove the iron, take about one-eighth of the solution and 
dd to it a solution of sodium carbonate as long as a precipi- 
ite falls. Allow to settle, decant the liquor, and wash a 
umber of times by decantation (p. 20), until no sulphate can 
e detected in the wash water. The precipitate should be kept 
nder water most of the time during washing ; hence decanta- 
Lon is preferable to filtration in this instance. Add the man- 
anese carbonate thus obtained to the main body of the solution, 
nd stir well while heating to boiling. This precipitates the 
con from any ferrous sulphate which has not been destroyed 
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during the ignition. Filter, and evaporate the filtrate until 
the solution has a small bulk (about 1800 cc), and filter off 
any trace of iron which may have separated. Put the solutioix 
into a shallow 8-inch evaporating dish, place in a desiccator 
over sulphuric acid, and leave for several days until it forms 
a solid cake of crystals. Break up the crystals, and drain fi-om. 
any adhering mother liquor. Tlie draining cone should be 
covered with a damp clotli to prevent efflorescence of the top 
crystals. Bottle as soon as dry to the touch, and stopper well- 
Keep in a moderately cool place. H 
Instead of crystallizing in a desiccator, the solution of man— H 
ganese sulphate may be put in the wai'm closet at a temperature 
of 30° C, and left there several days until a crystalline ma«s 
forms in it. But in this case the crystals form with 4 H^O 
instead of with 5 H^O. When crystallized at a very low tem- J 
perature, a salt MnSO^-T H^O forms. 



Reaction : 



MriOa + H^SO^ = MnSO^ + H^O + O. 



Propertiea : 

Manganese sulphate, as usually prepared, forms pale pint 1 
crystals which are easily soluble in an equal weight of water at>1 
19° C. The solubility varies according to the number of mole-l 
culea of crystal water, but is greatest at about 55° C, when the I 
solution contains 74.7 parts of anhydrous salt in 100 parts of ¥ 
water.* 

The specific gravity of an aqueous solution at 15° C, | 
containing 
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of the anhydrous salt is 1.060.* 



10% 
15% 
20% 
26% 
30% 



( 



( 



( 



( 






* 1.1036. 

* 1.1605. 
' 1.2215. 
' 1.2870. 

* 1.3676. 



66. MERCURIC CHLORIDE, 

(Corrosive Sublimate.) 
IgCla. M.W. = 271. 

(a) Take of 

Mercuric sulphate (dry), 100 gr. 

Sodium chloride (dry), 50 " 

Pyrolusite (powdered and ignited), 6 " 

Mix the finely powdered materials very thoroughly, and intro- 
Liice the mixture into a retort whose neck has been cut off at 
♦bout the middle, in order to afford a wide opening. Bury the 
)ody of the retort up to the neck in dry sand contained in an 
ron dish. Place the apparatus under a hood with a good 
Iraught, and heat gently at first until moisture is all removed, 
vanning the retort neck with a lamp to drive out the water 
rapor. Then raise the heat of the sand bath, place a wide- 
Houthed bottle over the retort neck, and heat as long as any 
mblimate comes over, taking care that the retort neck does not 
become clogged. 

Allow the retort to cool slowly, and then carefully rake out 
the sublimate from the neck, and bottle it at once. 

The vapors of mercuric chloride are very poisonous, and much 
care must be taken not to inhale them nor to allow them to 

♦ Gbblach, Zeit. anal. Chem. 28, 476. 
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come in contact witli the skin. The hood should be kept 
closed and a good draught insured. Neither should the salt \ 
be handled with bare hands. 



HgSO, + 2 NaCl = HgCl, + Nn^SO^. 

The pyrolusite is added to furnish a little free chlorine gas I 
in the retort, which prevents the formation of mercurous chlo* I 
ride (calomel). 

Instead of using a retort as above, the mixture may be heatedl 
in a 6-inch evaporating dish, over which a 5^ineh funnel isi 
inverted, fitting close to the sides of the dish. By careful heatr I 
ing on the sand bath, the mercuric chloride will condense on tho j 
funnel walls, and maybe removed readily when the operation is 
ended. 

(5) According to Wagner* the basic mercuric sulphate {tur~ 
peth mineral) may be treated with hydrochloric acid, according' 
to the proportions indicated iu the following reaction : 

(3 HgO)-SOg + 2 HCl = HgCIa + H^SO^ + 2 HgO. 

The mercuric chloride may be crystallized out of the sul- 
phuric acid solution. 

(c) From residues : 

Take the residues of mercury salts that collect in the laborar-'l 
tory, and evaporate to dryness on the steam bath. Treat witli 
aqua regia, and again evaporate to dryness. Put the diy maas 
into a 6 or 8-inch evaporating dish, place it on the sand bath with 
a large funnel inverted over it, and heat until the mercuric chlo- 
ride has sublimed into the funnel. Dissolve about one-sixth of 
the sublimate in hot water, and add caustic soda. 



" Dingl, J. 1B6, 136. 
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»ted oxide with hot water, and dry. Mix it with the 
ier of the sublimate, and resublime the mixture in a 
eked flask, whose mouth is covered with a watch glass. 
)ut the bottom of the flask by placing it, while hot, on 
loth, and carefully scrape the sublimate from the glass. 



%e9 : 



uric chloride forms a white crystalline mass, or, when 
ized from solution, long needles. It should be kept in 
place or in amber-colored glass bottles. It is soluble in 
:orming a solution with acid reaction. 



jarts of water at 

• 






0®C. diRRolve 5.73 parts Hg( 
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* 17.29 ' 
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' 24.30 ' 
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' 37.05 ' 
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uric chloride is soluble in dilute hydrochloric and nitric 
ad in alcohol and ether. It is very poisonous, the best 
3 being white of Qgg, It is much used as an antiseptic 
servative agent, and as a laboratory reagent. Commercial 
\ are often contaminated with arsenic and frequently 
Q insoluble residue on solution. It is known in com- 
& corrosive sublimate. 

♦PoGGiALE, Ann. Chim. Phys. [3] 8, 468. 




INORGANIC CHEMICAL PREPARATIONS. 



57. MERCURIC IODIDE. 

(Biniodide of Mercury.) 

Take of 

Mercuric chloride, 
Potassium iodide. 
Water, 

Dissolve the mercuric chloride aud the potassium iodide each 
in 2 liters of water, and filter the solutions separately, allowing 
the filtrates to run simultaneously into a precipitation jar (p. 19), 
containing 2 liters of water, while stirring the contents of the 
jar actively to cause thorough mixture. Allow the scarlet pre- 
cipitate of mercuric iodide to subside, aud decant the clear 
liquor. Wash by decantation several times with cold distilled 
water, until a test of the wash water shows only a slight turbid- 
ity with silver nitrate. Remove excess of water as far as pos- 
sible by use of the suction filter (p. 13), and dry the powder in 
a dark place, at a temperature not above 35° C. Preserve iu a 
bottle of amber glass and protect from light. 

No excess of either mercuric chloride or potassium iodide 
should be used in the preparation, because the mercuric iodide 
is soluble in either of these solutions. For this reason the 
solutions must be mixed with the water simultaneously and 
with active stirring. 



Reaction : 

HgCl, + 2KI = HgI, + 2KCl. 
Properties : 

Mercuric iodide forms a scarlet amorphous powder, which i^^ 
not changed by exposure to the air. It is very slightly solubl^^ 
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• 

in water, but dissolves readily in sodium hyposulphite (thiosul- 
phate) and in alkaline iodides. It is also soluble in alcohol. 
It melts at about 238^ C, and volatilizes at higher temperatures*, 
leaving no residue. 

It is used to a small extent in medicine, and in the laboratory 
for the preparation of Nessler's solution for detecting ammonia. 



58. MERCURIC NITRATE. 

Hg(N03)a-i HjO. M.W. = 333. 

Take of 

Mercury, 100 gr. 

Nitric acid, 50° Tw. (sp. gr. 1.250), 180 cc. 

Put the mercury into a 500-cc. flask, and add the nitric acid 
in portions of 25 cc. at a time, allowing the action caused by 
one portion to subside before adding the next. If the reaction 
does not start readily at first, warm the flask gently on the 
water bath, and if the heat of the reaction is not sufficient to 
keep the temperature rather high, leave the flask on the water 
bath until all the acid has been added. When the mercury is 
nearly all dissolved, continue the heating on the sand bath, and 
finally boil up well until a test portion of the liquid shows no 
precipitate with sodium chloride solution. Should a precipitate 
fall in this test, showing the presence of mercurous salt, add a 
few drops of concentrated nitric acid, and boil again until all 
mercurous salt is converted to the mercuric state. Allow the 
flask to stand quietly in a warm place until any sediment has 
deposited, and decant the clear solution, or filter on glass wool 
(p. 13). Evaporate the liquid somewhat and allow to cool. 
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Drain the crystals of 
dry in a desiccator o\ 



sulphc 



litrate in a covered funnel, and 
■ic acid. Bottle as soon as dry. 



Reaetion : 

3 Hg + 8 HNO3 ^ 3 Hg(N03)a + 4 H^O + 2 NO. 
Properties : 

Mercuric nitrate forms deliquescent crystals which decompose 
when treated with water, forming haaic salts, and finally going 
completely to mercuric oxide. The crystals dissolve in a very 
small amount of water, forming a concentrated solution which is 
much more stable than when diluted. The salt dissolves with- 
out decomposition in water acidified with nitric acid. 



i 



59. MERCURIC SULPHATE. 



HgSO^. 



Mercury, 

Sulphuric acid, 166° Tw. 1 



I. gr. 1.8! 



100 gr. 
, 75 cc. 



Put the mercury into a 250 cc. flask, add the concentrated 
sulphuric acid, and heat gently on the sand bath under the hood. 
When the reaction starts, an evolution of sulphurous acid fumes 
takes place. When this fuming ceases, remove a drop of the 
liquid on a stirring rod, dissolve it in 2 cc, of distilled water in 
a test tube, and add a drop of sodium chloride solution. If a 
precipitate falls, or the liquid becomes milky, mereui'ous salt is 
present. In this case add 5-10 cc, more of the concentrated 
sulphuric acid to the contents of the Uask; heat again for some 
time, and repeat the test. 



^ 
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When free from mercurous salts, pour the solution into a 
4-inch evaporating dish, and allow to cool in a desiccator. Small 
white scales or plates of mercuric sulphate are deposited from 
this concentrated acid solution. Filter on a fine platinum cone 
with suction (p. 13), and dry on a porous porcelain plate. Or 
the solution of mercuric sulphate may be evaporated to dryness 
carefully, in the 4-inch evaporating dish under the hood, in 
which case a white crystalline mass is obtained. 

Heactian : 

Hg + 2 H3SO, = HgSO, + 2 HjO + SO3. 

JPropertieB : 

Mercuric sulphate is soluble in dilute sulphuric acid, but is 
not soluble in cold water. By boiling with water it is con- 
certed into a yellow basic mercuric sulphate (3 HgO)S08, which 
is used in pharmacy under the name of turpeth mineral. 



60. MERCURIC SULPHIDE. 



(Vermilion.) 


M.W. 


— 232. 


(a) Take of 






Mercury, 

Sulphur (powdered). 
Caustic potash, 
Water, 


150 gr. 
57 " 
38 " 
300 cc. 





Put the mercury and the sulphur into a dry 8-inch mortar, 
and triturate until the ingredients are thoroughly incorporated. 
Dissolve the caustic potash in the 300 cc. of water in a 10-inch 
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evaporating dish, and add the contents of the mortar. Heat to 
45° C. and keep at this temperature for several hours, stirring 
very thoroughly with a spatula at frequent intervals, and keep- 
ing the volume of water constant for the first 2 hours. Tl 
temperature must be carefully regulated not to exceed 45" 
nor to fall below 40° C. 

In the couree of 2 or 3 hours the mass becomes brown, and 
then gradually turns a bright red. When the desired ver- 
milion color is acquired, which is usually after 6 or 8 hours* 
heating, pour into a precipitation jar (p. 19) full of water, and 
wash thoroughly by decantation until entirely free from caustic. 
Filter with suction on a Buchner funnel (p. 14), and dry on 
glass plates in the drying closet. The heat must be carefully- 
regulated not to exceed 45° or 50° C, or the product wiH turn 
brown. For the same reason, the caustic must be washed away 
as quickly as possible after the color reaches its brighl 
shade. 

The reactions occurring are rather obscure, but the follow! 
represents the changes approximately. 

Hg + 8S + 4KOH + O^HgS + K,S,+ K,S,03 + 2HaO. 

Properties : 

Mercuric sulphide as thus prepared, forms a heavy, brilliant 
scarlet powder, insoluble in water, alkalies, and dilute acids. 
It dissolves in veiy concentrated nitric acid and in aqua regia. 
When heated to a high temperature, the color changes to black, 
but when heated out of contact with the air, it sublimes without 
any apparent change, leaving some black residue. 

(6) Vermihon is much used as a scarlet paint, and for this 
purpose it is best prepared in the " dry way " by subliming the 
black sulphide called ethiops, which is prepared by gently heat- 
ing mercury and sulphur in ii-on pans. 



^ 



:um. 
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61. MOLYBDENUM TRIOXIDE. 

MoOg. M.W. = 144. 

(a) From residues : 

Take the residues of ammonium phospho-molybdate which 
collect in analytical work and evaporate to dryness on the steam 
bath. Pulverize the dry mass, and extract with concentrated 
ammonia water, stirring frequently and warming gently. Decant 
through a filter and add to the filtrate one-fourth its volume 
of " magnesia mixture " (MgCLj + NH^Cl + NH^OH). Cover 
the dish and let it stand quietly a day or two, and then filter 
off the precipitated ammonium-magnesium phosphate. Cau- 
tiously add concentrated nitric acid in excess, to the diluted 
filtrate. At first the precipitate redissolves on stirring, but as 
the quantity of acid is increased, it becomes permanent. When 
a test portion of the liquor after filtration gives no further pre- 
cipitate with acid, put the dish aside and let the yellowish 
vrhite precipitate of molybdenum trioxide settle. Decant the 
supernatant liquid, and wash the precipitate with water until 
free from ammonia. Remove excess water by using the suc- 
tion pump, and dry on a glass plate at 30° C. 

The recovered molybdic trioxide should be subjected to the 
following tests : the solution in dilute ammonia must be clear, 
and the addition of ampaonium sulphide should produce no 
precipitate ; if 5 gr. of the acid be dissolved in 10 cc. of con- 
centrated ammonia diluted with 20 cc. of water, and 75 cc. of 
nitric acid added, no precipitate should result after standing 
3 hours in a warm place. 

(I) From molybdenite : * 

♦Brunner, Dingl. J. 150, 372. 
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in the desiccator over sulphuric acid. The mother liquor may 
be concentrated further for more crystals. 

Reaction : 

3Ni + 8HN08 = 3Ni(N03)2 + 4H20 + 2NO. ' 

Properties : 

Nickel nitrate forms large dark green crystals which are 
soluble in 2 parts of water at ordinary temperature. The 
salt is also soluble in alcohol. It crystallizes with 6 HgO, and 
is not deliquescent in dry air. At 56.7° C. the crystals melt 
in their " water of crystallization." 

Specific gravity of an aqueous solution at 17° C. containing* 

5% nickel nitrate is 1.0463.* 

10% " " ** 1.0903. 

15% "■ "■ "• 1.1375. 

20% '' '^ '^ 1.1935. 

25% '' '' '<■ 1.2534. 

30% " '^ *M.3193. 

35% *' ** "• 1.3896. 

40% ** '<■ '* 1.4667. 



M.W. = 126. 



63. OXALIC ACID.f 

(a) Take of 

Commercial oxalic acid, 1000 gr. 

Hydrochloric acid, 15° Tw. (sp. gr. 1.075), 400 cc. 

Heat the dilute hydrochloric acid in a 12-inch evaporating 
dish, and add the oxalic acid slowly while stirring, until a 

♦ Franz, J. pr. Chem. [2] 5, 295. t After Stolba. 
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saturated solution is obtained. Allow to stand on the steam 
bath a few moments to settle, and decant the clear liquid care- 
fully from the residue. Cool the solution rapidly, stirring 
actively to form small crystals. Filter with suction on the 
Biichner funnel (p. 14), and wash the crystalline meal with 
crater, as cold as can be conveniently had, to remove adhering 
hydrochloric acid. Redissolve in twice its weight of distilled 
crater, filter to remove any dirt, and allow the liquid to cool 
slowly without stirring. Drain the crystals from the mother 
liquor, and dry in a desiccator at the ordinary temperature of 
the room, taking care to turn the mass over several times while 
drying. The hydrochloric acid decomposes any oxalates pres- 
ent, and converts their bases to chlorides, which remain in solu- 
tion while the oxalic acid crystallizes out. 

(6) From starch : 

Oxalic acid may be prepared by treating 1 part of starch 
with 8 or 9 parts of nitric acid at 67° Tw. (sp. gr. 1.335), add- 
ing the acid gradually, and heating to the boil until all nitrous 
fumes have escaped. Concentrate the resulting solution to 
about one-sixth its original volume, and allow to crystallize. 
Recrystallize several times from distilled water. 

The reaction is very violent and the yield is uncertain. The 
process may be represented by an equation, but it is by no 
means quantitative : 

2 CgHioOg + 18 HNOg = 6 CaH^O^ + 13 HgO + 9 NgOg. 

Oxalic acid is made on a technical scale, by heating sawdust 
with a mixture of caustic potash and soda, extracting the fused 
mass with water, and precipitating calcium oxalate by adding 
" milk of lime." The calcium oxalate is then decomposed with 
sulphuric acid, and the solution of oxalic acid filtered from the 
residue of calcium sulphate. 



152 
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Properties : 

. Oxalic acid forms transparent crystals containing 2 mole- 
cules of crystal water. When heated to 70° C, the water is 
slowly given off and the crystals become opaque. Between 
95° and 100° C, they melt in their crystal water. 

Oxalic acid is very soluble in water, and its solution is a 
strong reducing agent. 



100 parts of water at 



10° C. dissolve 

20° 

30° 

40° 

50° 

60° 

70° 

80° 

90° 



8. parts oxalic acid.* 

13.9 

23. 

35. 

51.2 

75. 
117.7 
204.7 
345. 



The acid is very poisonous. It is used extensivelj'- in bleach- 
ing, dyeing, and calico printing in certain inks and dyes, and 
in various cleansing and polishing mixtures. 

For use in analytical work, the acid must be free from sul- 
phuric acid, ammonia, and heavy metals. The presence of 
potassium must also be guarded against. 



64. PHOSPHORUS OXYCHLORrDE.f 



POClg. 



Take of 



Phosphorus trichloride. 
Potassium chlorate. 



M.W. = 153.5. 



500 gr. 
160 " 



♦ Alluard. 

t Dervin, Compt. Rend. 97, 576 ; J. pr. Chem. [2] 28, 382. 
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Put the 500 gr. of phosphorus trichloride into a 1500 cc. 
tubulated retort, and connect a return cooler with the neck. 
Dry the 160 gr. of potassium chlorate, pulverize it very fine, 
and introduce it through the tubulature in 4-gr. portions at a 
time, waiting until the vigorous action has quieted, before add- 
ing another portion. Then turn down the neck of the retort, 
fix a thermometer in the tubulature, and distill off the phos- 
phorus oxychloride, keeping separate, as pure, that part of the 
distillate that comes over between 106° and 110° C. The 
earlier fractions contain some free chlorine. It is best to heat 
the retort in an oil bath at 130° C, or a strong solution of cal- 
cium chloride may be used instead of oil. 

Reaction : 

3 PCI3 + KCIO3 = KCl + 3 POCI3. 

The potassium chlorate must be perfectly dry or some potas- 
sium phosphate may be formed. The process requires about 
4 hours. The yield should be about 530 gr. of pure oxy- 
chloride. 

Properties : 

Phosphorus oxychloride is decomposed by water, and is mis- 
cible with carbon disulphide without entering into combination. 
It has a disagreeable odor, and boils at 110° C. 
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65. PH08PHOKU8 PENTACHLORLDE.* 

PCL. M.W.^ 208.5,1 



Phosphorus trichloride, 



50 gr. 



Arrange an appai'atua as shown in Fig. XV. Through the 
ruhlier Ktojiper of a wide-mouthed 100 cc, bottle, pass the 
inlet tube A, the outlet tube B, and the stem of a, 
separating funnel C- The inlet tube is provided 
with a side branch, and has a stopper at its upper 
end, through which a glass rod passes, to be used 
in cleaning the tube should it become clogged. 
Fill the bottle with chlorine by connecting the 
side tube of A with the chlorine generator, and 
allow a few cc. of the trichloride to flow in from 
the funnel. Combination takes place at once, and 
a deposit of solid pentachloride is seen if the bottle 
be cooled by placing it in a vessel of cold water. 
Gradually introduce the trichloride in small por- 
tions ; it combines with the chlorine, forming a sohd mass. 
Repeat the process until the bottle is nearly filled. 



i 



Properties : 

Phosphorus pentachloride forms a yellowish whit* crystalline 
mass, volatile without melting, below 100° C. It has a dis- 
odor. It attracts moisture from the air and is 
, giving off hydrochloric acid. It is decomposed 
at once by water, forming oxychloride. It is used frequently 
in organic synthetical work. 



• GATTEHMiKN, Praxls des organischen Chomikera. 



J 
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66. PHOSPHORUS TRICHLORrDE.* 

PClg. M.W. = 137.5. 

Take of 

Yellow phosphorus, 80 gr. 

Break up the phosphorus under water in a porcelain mortar 
"with a knife or chisel into lumps that will pass easily through 
"the tubulature of a 400 cc. retort. Displace the air from the 
iretort by passing into it a stream of carbon dioxide which has 
T)een dried by passing through 
sulphuric acid. Arrange the 
apparatus as in Fig. XVI to 
connect with a chlorine genera- 
tor. (See AICI3, p. 40.) Take 
each piece of phosphorus in a 
pair of forceps, and dry very 
quickly with several folds of 
filter paper. Transfer to the 
retort, taking care that it is not 
ignited by rubbing against the 
edge of the tubulature. Close 
the tubulature with a cork 

through which the delivery tube passes from the chlorine 
apparatus. Let the delivery tube fit loosely enough in the 
cork to permit its being adjusted to various depths in the 
retort. Fit the neck of the retort to a tubulated receiver 
(Fig. XVI, B) which may be cooled with water. An outlet pipe 
from the receiver to the hood or out of doors, must be provided 
to carry off excess of chlorine. Conduct a moderately rapid 

♦ Gattermann, Praxis des organischen Chemikers, p. 244, 
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stream of chlorine through the retort. A tumultuous reaction 
between the phosphorus and chlorine begins ; the phosphorus 
trichloride distills over into the receiver as a low boiliug 
liquid. 

If crystals of the pentachloride form in the neck of the retort, 
push the delivery tube for chlorine somewhat deeper into the 
retort. If introduced too far, however, a deposit of red phos- 
phorus will form on the interior of the retort wall ; in this case 
raise the tube slightly until this disappears. With a little care 
in adjusting the tube, the proper position at which the reaction 
best proceeds, is soon found. 

Distill the phosphorus trichloride collected in the receiver, 
from a perfectly dry flask, by heating on the water bath. The 
yield is 250-280 gr. 

Reaction : 

p -|_ 3 CI = PClg. 

Properties : 

Phosphorus trichloride is a colorless liquid, fuming in damp 
air and decomposed by water and by alcohol. It boils at 74® C. 
Frequent use is made of it in organic synthetical work. It 
has no action on ether, benzol, chloroform, nor carbon disul- 
phide, and hence may be mixed with these substances. 
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67. POTASSIUM BICHROMATE. 



KaCraOy. 


M.W. — 295 


Take of 




Chromite (powdered), 


900 gr. 


Potassium carbonate (free from chlorine), 


450 " 


Lime, 


1400 « 


Potassium sulphate, 


150 « 


Water, 


4200 CO. 



Dissolve the potassium carbonate in 500 cc. of water. Put 
the lumps of lime into a 12-inch evaporating dish, add about 
300 cc. of the solution of carbonate, and let stand until the lime 
is slaked. Add the rest of the solution, stir well, and evaporate 
to dryness on the steam bath. Heat over a lamp to 150° C, 
and stir until thoroughly powdered. Add the powdered chro- 
mite, and mix very carefully. Ignite the mixture at a bright 
red heat for 3 or 4 hours in a muffle furnace, with free access of 
air, stirring very frequently. If a small reverberatory is at hand, 
it is better to heat it in this with an oxidizing flame. Cool the 
mass, pulverize coarse, and extract with 3000 cc. of water, 
stirring thoroughly. Concentrate the solution until crystals 
begin to form in it, and then add a hot concentrated solution of 
potassium sulphate, to precipitate the calcium from the calcium 
chromate. When no further precipitation takes place, filter off 
the calcium sulphate. To the yellow filtrate of potassium chro- 
mate, add sulphuric acid diluted with twice its volume of water 
until strongly acid, and let the liquid cool. If the solution of 
potassium chromate is nearly saturated, the addition of the acid, 
converting the chromate to bichromate, causes a precipitation of 
about two-thirds of the latter because of its greater insolubility. 
Filter off this crystalline precipitate on an asbestos or glass-wool 
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in the preparation of the neutral oxalate on page 178, and 
adding the other half of tlie acid solution to the neutralized 
portion, the binoxalate erystalhzes. For the quadroxalate, neu- 
tralize one-fourth of the oxalic acid solution with the potassium 
carbonate, and then add the remainder of the acid. Since the 
binoxalate and the (quadroxalate are difficultly soluble, a pre- 
cipitate forms in both cases. When entirely cold, decant the 
mother hquor, and drain and dry the crystals as directed on 
page 178 in the case of the neutral oxalate. 

Properties : 

Potassium binoxalate and potassium quadroxalate are acid 
salts which crystallize readily. The quadroxalate is soluble in 
20 parts of water at 20° C. They aj-e used to some extent in 
textile coloring and for removing ink and iron stains from cloth, 
also for cleaning metallic surfaces. They are sold in commerce 
under the name " salts of sorrel " or " lemon salts." 



I 



KBrOg. 



69. POTASSIUM BKOMATE. 



Bromine, 


435 gr. 


Potassium hydrate, 


305 " 


Water, 


500 CO. 



Dissolve the caustic potash in the water in a I200-cc. flask. 
Allow the bromine to drop rapidly from a separatory funnel 
into the caustic solution, while shaking the flask continually- 
Considerable heat is generated by the reaction, and it 
necessary to cool the flask somewhat under the tap, or by 



may be ^| 
placing -^H 
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it in cold water. Unless the caustic is very pure, the above 
quantity will not be sufficient to neutralize the bromine, and 
more must be added.* If there is an excess of bromine, the 
solution is yellow or red, and caustic should be added till the 
color disappears. 

Cork the flask, and allow it to stand some hours in a cool 
place, and then filter off the precipitated bromate on the 
Biichner filter with suction. (See Filtration, p. 14.) The 
filtrate may be worked for potassium bromide (p. 163). The 
crystalline precipitate of bromate will probably be discolored by 
a precipitate of iron and aluminum hydrates from the caustic. 
If so, dissolve it in 500 cc. of boiling water, and filter on a hot- 
water funnel. (See Filtration, p. 13.) Let it stand over 
night in a cool place. Decant off the liquor, and suck the 
crystals as dry as possible by the filter pump. Evaporate the 
filtrate to one-third its bulk, and cool again to recover more of 
the bromate. Put the remaining mother liquor with the filtrate 
for bromide. Reciystallize the white crystals of potassium 
bromate from 350 cc. of distilled water, and repeat this oper- 
ation if necessary. 

The product should be about 135 gr. of clean crystals of 
bromate containing no more than a faint trace of bromide. 

A solution of potassium carbonate may be used instead of 
caustic, but it must be heated in order to carry out the reaction 
and decompose the hypobromite and perbromide of potassium 
which have been formed.f 

RecLction : 

6 KOH + 6 Br = 5 KBr + KBrOg + 3 H^O. 

* In one trial the author found it necessary to add about 60 gr. excess of 
caastic oyer the theoretical amount, which indicated impurities to the extent of 
nearly 16%. 

t Balard, J. pr. Chem. 4, 166. 
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Proper tiei : 

Potasaium bromate ia not easily soluble in cold water, Ijut is 
very soluble in bot water. 

100 parts of wat«r at 

0° C. dissolve 3.11 parts KBrOa.* 

G.tJ2 " 

13.21 

22.76 

33.90 

49.75 

104° C. ia the boiling point of a saturated solution. 



70. POTASSIUM BROMIDE. 

KBr. 

(a) Take of 

Sheet-iron strips, 

Bromine, 

Potassium carbonate C.P. dry, 



Water, 



50 gr. 
133 " 
115 gr. 

1000 cc. 



Into a 1500-cc. flask, put 1 liter of water and 100 gr. of I 
bromine. Clean the iron strips by dipping into dilute hydro- J 
chloric acid until bright ; then wash off the acid, and put two i 
or three of the strips into the flask of bromine water. Allow I 
it to stand at the oi-dinary temperature of the room, and soon ,1 
the reaction begins. If it becomes very violent, cool the flask I 
by standing it in cold water. The iron partly dissolves and 1 
when the solution (ferrous bromide) becomes a light green color, f 
the bromine has all combined with the iron. It may be nece»- 1 
sary to heat the flask on the water bath, or to allow it to stand J 
over night to complete the reaction. Filter hot on a folded 1 
•Kremebs, Pogg. 97. 6. 
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filter to remove the residue derived from the iron, and add 
33 gr. of bromine to the solution. The green color changes to 
a deep red brown. Heat to boiling to diive off any excess of 
bromine. Dilute with 2 liters of hot water, and pour into a 
deep be&ker or dish of at least 5-liter capacity. Then add 
slowly, in small portions at a time, about 115 gr. of chemically 
pure, dry, potassium carbonate to the hot solution. A dense 
precipitate of ferroso-ferric hydrate falls, and carbon dioxide 
is set free, causing much effervescence and frothing. When a 
test filtered off gives no more precipitate on further addition of 
potassium carbonate, allow the solution to stand until the pre- 
cipitate settles. Decant the clear liquor through a folded filter, 
and wash the precipitate twice with hot water by decantation 
(p. 20). Add the wash waters to the filtrate, evaporate to dry- 
ness, and heat to low red heat. Take up in hot water and 
concentrate the solution (potassium bromide) to a density of 
75° Tw. (sp. gr. 1.375); filter off any precipitate of ferric 
hydrate which may have separated during the concentration, 
and allow to cool and crystallize. 

The object of adding more bromine, is to convert the ferrous 
bromide into the ferroso-ferric state ; this gives a precipitate of 
ferroso-ferric hydrate that is much easier filtered off than the 
ordinary ferric hydrate. 

Reactions : 

Fe + Brg = FeBrg. 
3 FeBrg + Br2 = FcgBrg. 

FcgBrg + 4 K2CO3 + 4 H^O = 8 KBr + 4 CO^ + Fe3(OH)3 

Fe3(OH)3= [Fe(OH)2-2 Fe(0H)3]. 

(J) Potassium bromide may also be made in connection with 
the preparation of potassium bromate (p. 160). By treating 
caustic potash with bromine, 5 molecules of the bromide are 
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formed for each molecule of the bromate. The method ofj 
separating these salts is given on page 161. Evaporate thfti 
solution of potassium bromide obtained after crystallizing the 
bromate, to a thick solution, and stir 25 gr. of powdered char- 
coal into the mass. Evaporate to dryness, and ignit« at a 
red heat, in small portions at a time, over a large lamp to 
decompose any bromate which may remain. Cool, and extract 
the grayish black mass with boiling water until a concentrated 
solution is obtained. Filter on a hot^water funnel (p. 13), and 
allow the solution to cool slowly. Extract the residue of chi 
coal once more with a little hot water, and add this filtrate 
the other. Filter off the crystals of potassium bromide thus 
obtained, in the suction funnel, and evaporate the mother liquor 
for a second crop. Recrystallize once from distilled water. 
Dry in a desiccator over sulphuric acid. 

Reactions: 

6 KOH + 3Br2=5 KBr+KBrOa+S H^O. 
2 KBrOg + 3 C ^ 2 KBr + 3 CO3. 

The yield from 436 gr. of bromine is about 430 gr. 
potassium bromide, after separating 135 gr, of bromate. 

Properties : 

Potassium bromide crystallizes in white cubes without "water 
of crystallization." It is snmewhat soluble in dilute alcohol 
and very soluble in water. 



uid - 



I 



H 



parts 


f water at 








(fiC. 


disaol-re 


63.48 parts KBr. 




20° '■ 




64.52 " 




40" " 




74,63 " 




60= " 




85.36 " " 




60= " 




03.46 " 




100" " 




102.00 " 




•Khe 


-.!«S, P 


gg. Ann. 97, 151. 
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The specific g^vity of solutions at 19° C. containing 



KCl. 



5% KBr is 1.037.* 




10% " " 1.076. 




15% " " 1.116. 




20% " " 1.159. 




25% " " 1.207. 




30% " " 1.266. 




36% " " 1.309. 




40% *' ** 1.366. 




46% " ** 1.432. 




71. POTASSIUM CHLORIDE. 




M. W. - 


:74.5 


)0f 




Crude potassium chloride, 1000 gr. 




Water, 2500 cc. 





The impurities present are sulphates and chlorides of sodium, 
calcium, and magnesium. 

Dissolve the salt in the water at 80° C, and add some " milk 
of lime " to precipitate the magnesium, as in the preparation of 
sodium chloride (p. 195). Then add barium chloride to the hot 
solution until the sulphates are all precipitated, and filter. 
Precipitate the excess of lime and barium by adding ammonium 
carbonate, and filter again. Evaporate the filtrate to dryness, 
and heat to a low red heat until excess ammonium salt is 
removed. Add hydrochloric acid to the residue, dilute with 
distilled water, and boil well. Filter if not clear, concentrate 
to 41° Tw. (sp. gr. 1.205), and allow to crystallize. Dry the 
crjrstals as in the case of sodium chloride. Evaporate the 
moiher liquor for more salt. 

* Gerlach, Zeit. anal. Chem. 8, 286. 
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Usually from 25-30 gr. of anhydrous barium chloride are 
necessary to precipitate the sulphates present in this quantity 
of crude potassium chloride. Potassium cai'bonate may be 
used instead of ammonium carbonate to precipitate the lime 
and barium, but the precipitation may not be so complete. 



Properties : 

Potassium chloride is very soluble in water, 
water at 

0° C. dissolve 28.5 parts KCl * 



100 parts oi 



10° * 




'* 32.0 * 




20° ' 




* 34.7 ' 




30° * 




'* 37.4 » 




40° ' 




* 40.1 * 




50° ' 




» 42.8 * 




60° * 




'* . 46.5 * 




70° * 




^' 48.3 '■ 




80° * 




"• 51.0 ' 




90° ' 




'' 53.8 ' 




100° » 




' 56.6 * 




107° * 




' 58.5 * 




^ty ( 


)f so] 


lutions at 1' 




1%] 


KC\ is 1.0062. t 




5% 


'* " 1.0319. 




10% 


'* '* 1.0655. 




16% 


»* " 1.1008. 




16% 


'' '' 1.1080. 




17% 


"■ " 1.1152. 




18% 


** ** 1.1225. 




in 


** " 1.1298. 




20% 


"• " 1.1372. 




21% 


" " 1.1446. 




22% 


- •* 1.1521. 




23% 


*' " 1.1596. 




24% 


*' " 1.167J 


J. 



♦Mulder, Scheik.Verhand. 1864,41. 
t ScHiFF, Ann. 110, 76. 
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72. POTASSIUM CHROMATE. 



jCrO^. 


M.W. — 194.5. 


(a) Take of 




Potassium bichromate, 


500 gr. 


Potassium carbonate (diy), 


235 " 


Water, 


1500 cc. 



Put the bichromate into a 14-inch evaporating dish, and add 
1500 cc. of water. Heat on the steam bath to 80° C, and add 
the potassium carbonate in small portions at a time, stirring 
actively, waiting for the effervescence produced by each por- 
tion to cease before adding the next. The neutral chromate 
of potassium is very much more soluble than the bichromate, 
and it is only necessary to add water enough to dissolve the 
product of the reaction. The color of the solution changes 
from red to a clear yellow of considerable tinctorial strength. 

After all the potassium carbonate has been added, heat the 
solution to boiling to drive off carbon dioxide, dilute it with 
1 liter of water, and filter to remove any dirt. Evaporate the 
filtrate on the steam bath until a thick crust of crystals has 
formed on the bottom of the dish. Remove these, drain them 
free from adhering mother liquor, and dry at a low temperature, 
on a glass plate, in the drying closet ; or the purified solution of 
neutral chromate may be carefully evaporated directly to dry- 
ness on the steam bath. 

Reaction : 

K2Cr207 f KsCOg = 2 K2Cr04 + CO2. 

(J) From chromite. (See Potassium Bichromate, p. 157.) 
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Properties : 

Potassium chromate forms yellow prisms or plates without 
crystal water. It does not crystallize well, and is very difficult 
to purify by crystallization. It is very soluble. 100 parts of 
water at 

0° C. dissolve 58.90 parte KgCrOi.* 



10° " 


'* 60.92 




(( 


20° '* 


" 62.94 




(( 


30° " 


64.96 




(( 


40° »* 


66.98 




(( 


50° "• 


" 69.00 




(( 


60° " 


71.02 




(( 


70° " 


73.04 




(( 


80° ** 


75.06 




(( 


90° *' 


*' 77.08 




(( 


100° »* 


" 79.10 




(( 



The specific gravity of an aqueous solution at 19.5° C. 
containing 



1% of the sail 


; is 1.0080. t 


5% " 


* 1.0408. 


10% " 


* 1.0837. 


15% " 


* 1.1287. 


20% ** 


* 1.1765. 


25% "• 


* 1.2274. 


30% " 


* 1.2808. 


35% *' 


' 1.3386. 


40% *' 


* 1.3991. 



With water, the crystals yield a clear solution which is ve 
slightly alkaline to litmus. The usual impurities are sulphatei^ 
chlorides, and nitrates of the alkali metals. Commercia 
samples often contain excess of alkali. 

Being difficult to purify and containing less chromic aci 
than the bichromate, potassium chromate finds but limited us 
in the arts and in the laboratory. It acts as an oxidizing agents 



* Alluard, Compt. Kend. 59, 500. 
t Gerlach, Zeit. anal. Chem. 8, 288. 
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It is very poisonous ; hence care must be exercised in handling 
it, especially if there be any cuts or scratches on the hands. 



73. POTASSIUM FERRICYANIDE.* 



3Fe(CN)e. 


M.W. : 


= 329 


Take of 






Potassium ferrocyanide, 


200 gr. 




Water, 


300 cc. 




Lead peroxide, 


40 gr. 





Dissolve the ferrocyanide in the water by heating in a 
1200-cc. round-bottom flask. Pass a stream of carbon dioxide 
from a Kipp's apparatus into the solution while raising to boil- 
ing. Then add 20 gr. of the lead peroxide to the hot solution, 
and let it boil for an hour or more, while passing a strong 
stream of carbon dioxide f into it. 

If the precipitated lead carbonate in the flask causes much 
bumping, which might break the flask, filter hot on a Biichner 
filter (p. 14), add a fresh portion of 20 gr. of lead peroxide to 
the filtrate, and boil again while passing the carbon dioxide 
into it. As the lead carbonate continues to be precipitated 
and the bumping again becomes violent, it may be necessary 
to repeat this process several times, until the filtrate gives no 
precipitate when tested with a solution of ferric chloride. 
.Then put the hot solution of potassium femcyanide into a 
covered beaker, and let it cool very slowly. 

* LuNOB, Ding. J. 238, 76 ; also Jahresb. 1880, 387. Seuberlich, Ding. J. 
238, 482. 

t An excess of carbon dioxide must be present to prevent the decomposition 
o! the f erricyanide by the PbO and KOH formed in the reaction. 
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Pour off the liquor from any crystals which may have formed, 
and concentrate on the water lath until small crystals begin to 
separate on the surface of the liquid. Add a very few cc. ot ^ 
hot distilled water to rediasolve these, and filter hot, to remove ^^ 

the brown precipitate which has separated dui'ing the concen 

tration. Let it stand over night in the covered beaker In ■ i 
crystallize as before. Drain the combined crystal producta,^^ ^ 

and dry them in a desiccator over calcium chloride or sulphu ^_- 

ric acid. Concentrate the mother liquor further for more^^»e 
crystals. 

.Should crystals of ferrocyanide begin to deposit, as yellow^^^ff 
plates, along with the red crystals of ferrieyanide, treat tht^^e 
solution again with lead peroxide and carbon dioxide. 

After three or four crops of crystals, the mother liquor -^r 
becomes so contaminated with bicarbonate of potassium an(^^d 
other impurities, that it will not yield clean crystals ; in t 
event, recrystallize the product from a small amount of c 
tilled water. The amount of pure ferrieyanide obtained froc 
the above quantity of ferrocyanide should be about 135 gr., o^ 
approximately, Ibfo of the theoretical yield. 



2 K4Fe(CN>6 + PbO^ -f 2 CO^ + H/) ^ 

2 KHCO3 + PbO + 2 K3Fe(CN>«. 

Properties : 

Potassium ferrieyanide crystallizes in slender, hlood-11 
crystals, which dissolve freely in water, forming a greenish 
yellow solution. The salt is known in commerce a 
prussiate of potash." Its use in qualitative analysis is well 
known. Its solution is unstable and should be prepared as 
needed, by dissolving a small crystal of the salt. 
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100 parts of water at 



4.4' C. 


dJBBolTe 33. parts of the aih.* 


10. •" 


- 


».« 


10l«»" 


•* 


■I0-8 


57.8»- 


•• 


5&.A 


100. »" 


•• 


77.5 " •• *- 


104.5»- 


•• 


e.0 



The specific giayitr of solouons at 13^ C. containing 

1«; of the aadt is 1.0051.^ 



y; - 


- i.oasi. 


w, -• 


• 1.03.%. 


i-y; - 


• 1.0831. 


2»^ •• 


- 1.1089. 


255 - 


• 1.1-1«2. 


»5 •• 


- l.le«». 



Potassinin fenicyanide mar also be prepared by treating a 
hot concentrated solution of ferrocTanide with bromine, accord- 
ing to the proportLons required in the following equation : 

K^Fe(CX)^ -f- Br = KBr -f KjFefCX)^. 

But any excess of bromine results in the formation of a dirty 
green precipitate, which passes through any filter and contam- 
inates the product, and it is difficult to remove the bromide 
formed, &om the fenicyanide. For these reasons the author 
has found the^ preceding process much more satisfactory as a 
laboratory method. 



* Wallace. J. Chem. Soc. 7, 80. 
t ScHUF, Ann. 113, 350. 
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74. POTASSIUM IODIDE. 



(a) Take of 




Iron (nails or band), 


75 gr. 


Iodine, 


250 " 


"Water, 


. 400 cc. 


Potassium carbonate, C. P., 


135 gp. 



ithj 

h in ™ 



Treat the iron with acid until bright and clean, and waah it 
thoroughly with hot water. Put it into a 1000-ce. flask, and 
add 200 cc. of water, and then 190 gr. of the iodine in small 
portions at a time, while warming the flask on the water ba1 
Shake the flask after each addition of the iodine. The liquii 
becomes reddish brown in color, and soon considerable heat 
developed. Remove from the water bath, and let the flask 
stand for several hours, shaking it at frequent intervals, and 
then let it stand quietly over night. Heat for an hour on the 
water bath, and bring to boiling on the sand bath and boil teiL 
minutes. Filter boiling hot, on a folded paper filter, catching- 
the filtrate in another flask. The solution (ferrous iodide) 
should now be a clear green color and give no blue coloration 
when tested with iodo-atarch solution. To this green liquid 
add the remaining 60 gr. of iodine, and heat to boiling for a 
few minutes. Vapor of iodine may escape during the boiling. 
The ferrous iodide is converted to ferroso-ferric iodide, and 
becomes deep red brown in color. Pour this solution inta 
3 liters of hot water in a 14-inch evaporating dish, and heat 
to boiling. Meanwhile dissolve the 135 gr. of potassium 
carbonate in 200 cc. of hot water, and add this solution, a few 
cc. at a time, to the hot solution of ferroso-ferric iodide, while 
stirring actively. A dense, brownish black precipitate of ferroso- 
ferric hydrate falls, and large quantities of carbon dioxide 
escape, causing the solution to froth considerably. When 
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175 cc. of the carbonate solution have been added, filter off 
10 cc. of the mixture in the dish, and add another drop of the 
carbonate solution to the filtrate ; if a precipitate of iron 
hydrate falls, add another 10 cc. of the carbonate solution to 
the contents of the dish, stir weU, and repeat the test. When 
sdl the iron has been precipitated, allow the dish to stand quietly 
tor a short time, and the precipitate will settle rapidly, leaving 
the supernatant liquor (potassium iodide) very clear. Decant 
through a folded filter, or filter it through a Biichner funnel, using 
suction (p. 14). Finally bring the precipitate into the funnel, 
Etnd drain off as much of the liquid as possible ; return the pre- * 
cipitate to the dish, wash two or three times with hot water, and 
Euld the filtered wash waters to the solution of potassium iodide. 
Evaporate rapidly over the lamp until nearly saturated. If a 
precipitate of ferric hydrate separates during evaporation, it 
must be filtered off before allowing the solution to cool ; or the 
entire solution may be evaporated to hard dryness, and then on 
extracting with hot water, the iron is left as insoluble matter. 

The mass of iron hydrate obtained should be washed with 
hot water till free from iodide, and used for the preparation of 
iron chloride (p. 107). 

Care must be taken to add but a slight excess of potassium 
carbonate in neutralizing ; otherwise the product is certain to 
be contaminated with carbonate. The carbonate used should 
be chemically pure, to avoid the introduction of sulphate or 
chloride into the product, and thoroughly dry, to secure accu- 
racy in the amount taken. 

Beactions : 
Fe + 12 = Felj. 
8 Felg + 12 = Fcglg. 
Fegig + 4 K3CO3 + 4 H2O = 8 KI + 4 CO2 + Fe8(OH)8. 

(J) Potassium iodide may also be prepared by dissolving 100 gr. 
of iodine in a solution of 45 gr. of pure caustic potash in 250 cc. 
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of water. Concentrate this solution to a thick syrup, add 5 gr. of 
powdered charcoal, and evaporate to hard dryness. Ignite at a 
red heat, in a porcelain or iron crucible. Extract with hot water, 
filter, evaporate the filtrate to saturation, and allow to crystallize. 

Reactions : 

3 12 + 6 KOH = 5 KI + KlOg + 3 H^O. 
2 KIO3 + 3C = 2KI + 3 CO2. 

Method {a) gives a product free from iodate and is generally 
preferred for the preparation of a pure salt. 

Properties : 

Potassium iodide forms white cubical crystals, of a sharp, salty 
taste. It is very soluble in water and slightly so in alcohol. 
100 parts of water at 



0° C. dissolve 127.9 parts KL* 



5° * 




132.1 ' 






70° »' ' 


* 184. " 




10° * 




136.1 ' 






75° '* 


' 188. " 




15° ' 




140.2 * 






80° '' ' 


' 192. " 




20° * 




144.2 ' 






85° " ' 


197. '* 




25° » 




148.3 » 






90° *' ' 


* 201. " 




30° * 




152.3 * 






95° " ' 


' 205. *' 




35° * 




156.0 ' 






100° ** ' 


209. " 




40° * 




160. 






105° *' 


213. *' 




45° * 




164. 






110° " 


' 218. " 




50° ' 




168. 






115° ** ' 


222. " 




55° * 




172. 






117° " 


* 223.6 " 




60° * 




176. 












The 


specific gravity of solutions at 21° C. 


containing 






1%KI 


is 1.0075. t 


36% 1 


U is 1.3389. 






5% * 


' 1.0384. 


40% 


" 1.4079. 






10% ' 


* 1.0793. 


46% 


" 1.4826. 






15% ' 


* 1.1226. 


50% 


" 1.6640. 






20% * 


* 1.1706. 


56% 


*' 1.6528. 






25% * 


* 1.2229. 


60% 


*' 1.7517. 






30% * 


' 1.2784. 













65° C. dissolve 180. parts KI. 



* Mulder, Scheik. Verhand. 1864, 63. 
t ScHiFF, Ann. 110, 76. 
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The aqueous solution dissolves free iodine very readily, 
forming a solution of potassium triiodide (KI3) which is easily 
decomposed. 

On long standing, especially if exposed to light, potassium 
iodide decomposes somewhat and becomes yellowish in color. 
When crystallized from a slightly alkaline solution it keeps 
better than a perfectly neutral salt. 

It is extensively used in medicine and in photography. The 
crystals should give no tests for chlorides, sulphates, or nitrates, 
and the aqueous solution should not alter when hydrogen 
sulphide is passed into it. The dUute solution prepared with 
distilled water which has been recently boiled and cooled, 
should give no blue color when mixed with dilute, pure 
sulphuric acid and iodo-starch solution. 



75. POTASSIUM NITRATE. 

(Saltpetre.) 
KNOg. M.W. = 101. 

(a) Take of 

Potassium chloride (purified), 3000 gr. 

Sodium nitrate (purified), 3425 " 

Water, 6000 cc. 

Mix the dry salts in a weighed crock, add 3 liters of hot 
water, and dissolve the salts by blowing in free steam, until the 
condensed steam brings the weight of the water in the crock to 
6 kilos, and the temperature is not lower than 90° C. Stir 
well at frequent intervals while passing in the steam. Then 
transfer to a 16-inch evaporating dish, and heat to boiling, 
stirring actively to prevent the precipitated sodium chloride 
irom settling to the bottom of the dish. Filter boiling hot on 
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a cloth bag filter (p. 14), and evaporate the filtrate to about 
4 litere. If any salt separates during this evaporation, filter 
boiling hot, a second time. Allow to cool several hours, and 
pour off the mother liquor, from the crystals of potassium 
nitrate. The residues of sodium chloride obtained by the first 
filtrations should be stirred up with this mother liquor and 
heated to boiling. Filter hot, concentrate the filtrate to about 
half its volume, and cool slowly. More potassium nitrate 
crystallizes. This mother liquor may be thrown away, as it is 
not worth further concentration. 

Dissolve the combined products of potassium nitrate in 2 
liters of distilled water, and recrystallize several times to free 
from adhering sodium chloride. Dry the crystals in the hot 
closet after draining thoroughly. 

Reaction : 

KCl + NaNOg — KNOg + NaCl. 

(h) Potassium nitrate may be obtained very pure as a by- 
product in the preparation of lead chromate (p. 121). Draw off 
the liquid in which the precipitation of lead chromate has been 
made, and concentrate to about 4 litere. Test for the presence 
of lead by adding a drop of neutral potassium chromate solu- 
tion. If a precipitate forms, add more chromate until all of 
the lead is thrown down, but avoid any excess of potassium 
chromate. Filter, evaporate the filtrate until concentrated, and 
allow to cool slowly. The potassium nitrate crystallizes nearly 
pure, but should be recrystallized from distilled water. 

Properties : 

Potassium nitrate crystallizes in long prisms or needles 
without "water of crystallization." Its solubility increases 
very rapidly as the temperature increases. 
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100 parts of water at 

0° C. dissolve 13.3 parte of the salt* 



IQOU 


" 21.1 




(( 




20°" 


31.2 




(( 




25°" 


37.3 




it 




80°" 


44.5 




(( 




40°" 


64.0 




it 




60°" 


" 86. 




it 




60°" 


" 111. 




it 




70°" 


139. 




it 




80°" 


172. 




it 




86°" 


" 189. 




tt 




90°" 


" 206. 




ti 




96°" 


" 226. 




tt 




100°" 


" 247. 




tt 




106° " 


" 272. 




(C 




110° " 


301. 




(< 




114° " 


326. 




<< 





The specific gravity of aqueous solutions at 15° C. containing 

1% potassium nitrate is 1.00641. f 



2% 


1.01283. 


8% '' 


' 1.01924. 


4% " 


» 1.02666. 


5% " 


' 1.03207. 


6% 


1.03870. 


7% 


1.04534. 


8% - 


1.05197. 


9% 


' 1.05861. 


10% 


* 1.06524. 


11% 


* 1.07215. 


12% 


1.07905. 


13% 


* 1.08596. 


14% 


» 1.09286. 


15% 


1.09977. 


16% 


1.10701. 


17% 


1.11426. 


18% 


1.12150. 


19% 


1.12875. 


20% 


1.13599. 


21% 


1.14361. 



MuLDBR, Scheik. Yerhand. 1864, 89. t Gbrlach, Zeit. anal. Chem. 8, 286. 
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Potassium nitrate is a powerful oxidizing substance, and 
£nds frequent use as such in the laboratory. The commercial 
salt is known as saltpetre, and usually contains more or less 
chloride and sulphate and traces of lime and magnesia. 



76. POTASSIUM OXALATE. 



Take of 



Oxalic acid (purified). 
Potassium carbonate (dry). 
Water, 



1000 gr. 
1095 » 

2000 cc. 



Put the oxalic acid into a 12-iuch evaporating dish, add a 
liter of boiling water, and stir until all dissolved. Dissolve 
the potassium carbonate in a liter of hot water, and add this 
solution to the hot acid solution, slowly, in small portions at a 
time. The action is violent at first, and care must be taken 
lest spattering occur. A precipitate of the acid oxalate soon 
begins to form, but redissolves on the addition of sufficient car- 
bonate. When the evolution of carbon dioxide becomes slow 
at each fresh addition of the carbonate, heat the solution to 
boiling, and put a small piece of litmus paper one-fourth 
of an inch square, into the dish to show when the liquid is 
alkaline. The exact amount of carbonate necessary can thoa 
be ascertained, and no excess should be added. 

Filter the hot solution of potassium oxalate, and allow it to 
crystallize. More crystals may be obtained by further evapo- 
ration of the mother liquor. Drain them in a covered funnel. 



A 
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Reaction : 

H^CaO^^ H^O + K2CO3 = KgC^O^^ H^O + CO^ + H^O. 

Properties : 

Potassium oxalate forms transparent or white crystals, hav- 
ing 2 molecules of crystal water. It is easily soluble, dissolving 
in 3 parts of water at 16° C. 

It is used somewhat in photography and to a small extent 
in analytical work. 



77. POTASSIUM PERMANGANATE.* 
KMnO^. M.W. = 158. 

Take of 

Caustic potash, 210 gr. 

Chlorate of potassium, 105 " 

Pyrolusite (powdered and ignited), 180 " 

Water, 300 cc. 

Ignite the powdered pyrolusite at a red heat on an iron 
plate, to burn out any carbonaceous matter it may contain. 
Dissolve the caustic in the water, in an 8-inch evaporating 
dish, stir in the chlorate of potassium, and heat until dissolved. 
Then stir in the pyrolusite, and evaporate over the lamp to 
a smooth, thick paste. Heat this paste to redness over the 
lamp, in a loosely covered iron crucible or dish, in portions of 
about 100 cc. at a time, as the mass is liable to, swell some on 
heating. The paste soon solidifies to a dark green or brown 
mass (potassium manganate), and vapor of water escapes. 
When thoroughly hard, let the crucible cool, and break out 

*Bradbubt, Chem. Centralb. 1891, 670. Gregory, J. Phaxm. 21, 312. 
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the mass with an old chisel or other sharp-pointed tool. Then 
pulverize it, and hoil in a large excess (4 liters) of water, pass- 
ing a stream of carbon dioxide into the boiling solution for 
an hour, to convert the potassium hydi'ate to carbonate. The 
green liquid passes over into a violet solution of potassium 
permanganate, and a dense brown precipitate forms. Allow 
the whole to stand quietly for some time, and the precipitate 
settles to the bottom. Decant through an asbestos or glass- 
wool filter (p. 12), and finally bring the mud on the filter, and 
drain with suction. Return the mud to the beaker, and waah 
once or twice with a small amount of hot water, by decan- 
tatioQ {p. 20), pouring the wash waters through the filter, 
and combine the filtrates. Evaporate rapidly over the lamp, 
until needle-like crystals appear on the surface of the liquid, 
and allow it to cool in a place well protected from dust. 
Pour off the mother liquor from the crystals, and evaporate 
further, after adding a little dilute hydrochloric or sulphuric 
acid to neutralize some of the excess of potassium carbonate iu 
the solution. This second crop of crystals will be contami- 
nated with sulphate or chloride of potassium, aud should be 
recrystallized from distilled water. 

Drain the crystals by suction, and dry in a desiccator over 
sulphuric acid. 

Throughout the entire process, care must be taken that no 
organic matter comes in contact with the preparation, as the 
permanganate is I'eadily reduced. 



Reactions : 

6Mn02 + 2 KCIO3 + I2KOH- 



6 KjMnO, + 2 KCl + 6 H^O. 



JK3MuO,+6HjO = 



2 KMnO^ + 4 KOH + MiiOa-|-4 HaO.J 
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PraperHeB: 

Potassium permanganate is soluble in 16 parts of water at 
15° C. The dilute solution is neutral, and when boiled with 
a little alcohol, should give a colorless filtrate containing no 
traces of sulphates nor chlorides. Neither should the solution, 
after decolorization with oxalic acid, give any test for nitrate 
with sulphuric acid and ferrous sulphate. 

Potassium permanganate is a powerful oxidizing material, 
and it is frequently employed in laboratory experiments for 
this purpose. Its use as an analytical reagent in volumetric 
analysis is also very general. 



78. POTASSIUM-SODIUM TARTRATE. 

(Rochelle Salts.) 
KNaC^H^Og^ HjO. M.W. = 282. 

Take of 

Sodium carbonate, C. P., dry, 142 gr. 

Cream of tartar (KHC^H^Og), 600 " 

Water, 1200 cc. 

Dissolve the sodium carbonate in the water, in a 14-inch 
evaporating dish, and heat to boiling. Pulverize the cream of 
tartar, and add it to the boiling solution in small portions at a 
time, allowing each portion to dissolve completely before 
adding the next. A vigorous effervescence takes place, and 
considerable frothing may occur. When all the cream of 
tartar has been dissolved in the solution, the liquid should 
show a slight alkaline reaction ; if not, add a few drops of a 
strong solution of sodium carbonate until alkaline. Filter hot, 
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and allow it to stand quietly for a day to crystallize. Pour off 
the mother liquor, evaporate it about one-half, and allow to 
crjrstallize. Drain the large, transparent crystals in a funnel, 
and dry on a glass plate in the open air. They should be per- 
fectly dry before bottling. 

Cream of tartar is difficultly soluble in water, but RocheUe 
salt is very soluble ; hence it is only necessary to use enough 
water to keep the product in solution, if the cream of tartar be 
added to the carbonate solution^ and in small quantities at a 
time. 

Reaction : 

2 KHC^H^Oe + NagCOg + 3 HgO = 

2 KNaH^C^Oe + 4 H^O + COg. 
Properties : 

Rochelle salt (also called Seignette * salts) forms large rhom- 
bic prisms, which dissolve in 1.7 parts of cold water and in 
much less when hot. The salt is used in the preparation of 
Fehling's solution for sugar analysis, and for some other pur- 
poses in the laboratory ; also in medicine. 



79. SILVER NITRATE. 

AgNOg. M.W. = 170. 

(a) From silver : 

Take of 

Silver (coin or scraps), 50 gr. 

Nitric acid, C. P., 67° Tw. (sp. gr. 1.335), 65 cc. 
Water, 40 " 

♦From its discoverer, Seignette (1672). 
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Put the silver into a 6-incli evaporating dish, and pour over 
it 30 CO. of the nitric acid which has been diluted * with an 
equal volume of water. If the reaction does not start spontane- 
ously, warm the dish gently until it begins. When it becomes 
quiet, add the remaining 35 cc. of acid diluted with one-third 
of its volume of water. Finally heat the dish until aU the 
metal is dissolved, and evaporate to dryness over the lamp, being 
very careful at the last to heat very gently to avoid spattering. 
When dry, raise the temperature to about 250° C. to decom- 
pose any copper nitrate which may have formed in the solution 
from the copper aUoy in the silver. The mass becomes dark- 
colored and melts to a thick liquid. The copper nitrate 
decomposes to form copper oxide, but the silver nitrate is un- 
changed. Allow to cool, and extract the mass with 50 cc. of hot 
water, filter on glass wool (p. 12), and evaporate the solution to 
small bulk (about 25 cc), and allow to cool in a desiccator over 
sulphuric acid. Evaporate the mother liquor, and if free from 
copper, the residue may be put with the other crystals. Dry 
the crystals in the desiccator over sulphuric acid. 

During the entire process of purification and crystallization, 

care must be taken to protect the silver niti-ate from dust or 

organic matter, and from fumes of hydrogen sulphide or hydro- 

ohloric acid. Otherwise the crystals become dark-colored when 

:posed to the light. The preparation should not be attempted 

a room where the atmosphere is not pure. The crystals will 

turn black if touched with the bare hand. 

6 Ag-f 8 HN03 = 6 AgNOg + 2 NO + 4 HgO. 
(6) From silver residues : 
Take the residues which collect in the laboratory, evaporate 

* The acid must be diluted because metallic silver is very slightly soluble in 
concentrated nitric acid, even when hot. 
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to dryness, treat with an excess of common hydrochloric acid, 
and again evaporate to dryness. Wash with boiling water 
until free from soluble chlorides and sulphates, and dry 
thoroughly in an evaporating dish on the steam bath. Mix the 
dry residue with 4 times its weight of a mixture of equal parta 
of sodium and potassium carbonates, and fuse the mass in a 
clay crucible at a red heat. When in quiet fusion, stir with an 
iron rod, giving the contents of the crucible a rotary motion. 
Pour into an iron mould to cool. Remove the adhering fused 
carbonate from the button of metallic silver which has collected 
in the point of the mould. Boil the silver with water con- 
taining a little hydrochloric acid to remove all traces of car- 
bonates. Then treat the metallic silver as described in (a). 

Instead of fusing the silver nitrate, the copper may be pre- 
cipitated from the solution by boiling it with silver oxide, which 
may be obtained by adding caustic soda to about one-sixth of the 
silver nitrate solution. Wash the precipitate, which contains 
copper and silver oxides, with hot water until fi-ee from sodium 
salts, and add it to the silver nitrate solution. By this meaoa 
the remaining copper is precipitated as oxide, and a correspond- 
ing part of the silver oxide is redissolved. Filter the solution 
hot, and evaporate to crystallize as in (a). 

Properties : 

Silver niti'ate forms white plates or scales without " water of 
crystallization," It dissolves veiy readily in water, forming a 
colorless solution which does not react with litmus. 

100 parts of water at 

0° C. dissolve 121.9 parts of the salt.* 



I 



110° " " 1111. 

* KsEMEBB, Pogg. Aun. 92, 497. 
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It is very slightly soluble in concentrated nitric acid, and 
also dissolves in dilute alcohol. It fuses unchanged at 225° 
C, but on heating to a red heat more or less decomposition 
occurs. 

The fused nitrate solidifies to a white, crystalline mass. It 
has a very corrosive action on organic matter, and becomes 
black on exposure to light, if organic matter is in contact 
with it. 

It is extensively used in medicine, in photography, and is an 
important laboratory reagent. It should dissolve in distilled 
water, forming a perfectly clear solution containing no more 
than minute traces of other metals. 



80. SODIUM ACETATE.* 

NaCaHgOg-S H^O. M.W. = 136. 

Take of 

Sal soda, 2000 gr. 

Acetic acid (common No. 8), (sp. gr. 1.04), 2900 cc. 

Since this commercial acetic acid contains about 30^ CgH^Og, 
2900 cc. are needed. Dissolve the sal soda in about 900 cc. of 
water, in a 16-inch evaporating dish and pour in the acid very 
slowly, with constant stirring. When nearly all the acid has 
been added, heat to boiling for a short time, test the solution 
with litmus paper, and continue adding acid until the liquid is 
acidified. Filter the solution if it is not clear, evaporate to 
crystallize, and dry the crystals thoroughly in the warm closet. 

* J. W. Smith, private communication. 
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Then melt them in an agateware or iron pan, heating over free 
flame, with continual stirring, until all the water is expelled. 
This fusion decomposes the empyreumatio matters derived from 
the acetic acid. It is best to put only a few lumps of the dry 
mass into the pan at flrst, fusing them, and adding the remainder 
a little at a time. 

Keep the mass in a fused condition, at about 300° C. for 
half an hour, conti'oUing the temperature by the use of 
a thermometer. Now pour the melted acetat* into a clean, 
cold iron plate, or into a broten evaporating diah to solidify. 
When cold, it should be of a silvery gray color and crystalline 
structure. 

The fused acetate thus prepared may be used directly for 
various organic preparations, such as acetic anhydride, ete^ 
when an anhydrous acetate is necessary. 

For pure crystallized acetate, dissolve the fused mass in about. 
900 ce. of hot distilled water, and filter to remove the sediment 
of carbon and iron. Evaporate to 36° Tw. (sp. gr. 1.180), and' 
crystallize. The mother liquor should be further concentrated, 
filtered, and recrystallized. After draining the crystals, diy 
them on a glass plate in the coolest part of the drying closet. 
(See Dbying, p. 26.) 

Caution. — In the above fusion the temperature must not 
exceed 310° C, or decomposition of the sodium acetate may 
result. It is also necessary to exercise much care in adding 
fresh lumps to the fused mass that no wet piece, or water, 
drops into the fusion, as this would cause spattering. The 
hand should be protected by being wrapped in a towel whila.:; 
stu'ring. 

Reaction : 

2 Na(CaH303)-3 H^O -f COj + 5 HjO. j 



I 
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Properties : 

Sodium acetate dissolves in 2.8 parts of water at 15° C. and 
in 0.5 parts of water at 100° C. The crystallized salt melts in 
its water of crystallization at 58° C. and loses all water at 
130° C. The crystals effloresce when exposed to the air, and 
ultimately lose all their crystal water. 

The specific gravity of a solution at 12.5° C. containing 

6% NaH8C202 is 1.0146 sp. gr. 






10% 
20% 
30% 
60% 



' 1.0299 " " 

» 1.0619 '* ** 

* 1.0966 *' '* 

' 1.1766 " " 



Commercial sodium acetate is often made by adding sodium 
sulphate solution to calcium or lead acetate solution, filtering 
off the precipitate, and evaporating the liquid. The prepara- 
tion should be free from iron or calcium and from chlorides^ 
carbonates^ and mlphates. The aqueous solution of sodium 
acetate should be alkaline to litmus. 

It is used in dyeing and coloring ; also in medicine, and for 
many purposes in the arts. 



81. SODIUM BICARBONATE. 




NaHCOg. M.W. 


— 84. 


Take of 


• 


Ammonia (sp. gr. 0.910), 250 cc. 




Common salt, 220 gr. 




Water, 2000 cc. 





Put the concentrated ammonia into a 2000-cc. flask, add 1 
liter of water, and pass into it a steady stream of carbon dioxide 
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from a. Kipp's generator (see Experiment, ji. 55), as long as 
the gas absorba. Keep the flask cool duiing absorption, by 
rimnmg cold water over it constantly. If a precipitate forma 
during this carbonation, add a little more water until it just 
dissolves. 

Dissolve the salt in 700 cc, of water at 15° C, foi-ming a 
saturated solution, and add to it the ammonium bicarbonate 
solution as long as a precipitate falls. Keep the solutions cold 
during the precipitation. When no more sodium bicarbonate 
precipitates, filter on a Btichner filter with suction (p. 14). 
Wash the bicarbonate with a small amount of cold water to 
remove the adhering ammonium chloride solution. Dry the 
mass in the warm closet. 

The yield will vary somewhat accoi-ding to the temperature 
and concentration of the solutions, A considerable part of the 
salt used will unavoidably be lost, owing to the solubility of 
sodium bicarbonate in ammonium chloride solutions. 



Reactions : 

NHg + HjO + CO2 ^ NH.HCOg. 
NHjHCOg + NaOl ^ NaHCOa + NH^Cl. 

This preparation illustrates the principles on which the 
Solvey or Ammonia Soda Process depends. In the technical 
production of soda by this process, however, the order of the 
operations is slightly different from that given above. A con- 
centrated brine solution is saturated \vith ammonia gas, and 
carbon dioxide is forced into this ammoniacal brine, causing the 
bicarbonate of soda to precipitate. 

Properties : 

Bicarbonate of soda is much less soluble in water than the 
neutral carbonate. 
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100 parts of water at 



o°c 


. disfiolve 6.90 paxts NaHCOg.* 


6° ' 




7.45 '* '* 


10° '< 




8.15 *' 


16° '- 




8.85 '* 


20° '- 




9.60 '' 


25° •- 




10.35 '' 


30° '- 




11.10 ** 


35° '' 




11.90 '* 


40° ' 




12.70 '* 


46° '• 




13.55 *' '* 


50° *- 




14.45 ** " 


65° *« 




15.40 *' " 


60° " 




16.40 *' " 



The aqueous solution is alkaline. It separates from solution 
as a crystalline precipitate, containing no " water of crystalliza- 
tion." When ignited the dry salt gives off carbon dioxide and 
water, and passes over to the neutral carbonate, yielding a very 
pure soda. (See C. P. Cabbonatb, p. 192.) 



82. SODIUM BROMIDE. 



NaBr. 



M.W. = 103. 



Sodium bromide may be made in the same way as potassium 
bromide (p. 162), by decomposing a solution of iron bromide 
with sodium carbonate, by boiling them together. Or bromine 
may be allowed to drop into a solution of caustic soda or of 
carbonate of soda (p. 163), and if the resulting mixture of 
bromide and bromate of sodium, obtained by evaporating the 
solution, is ignited, the bromate is converted to bromide. 



* DiBBiTS, J. pr. Chem. [2] 10, 417. 
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Reactions : 

FegBig + 4 NagCOg + 4 HgO = 8 NaBr + 4 CO2 + Fe8(0H)^ 
6 NaOH + 6 Br = 5 NaBr + NaBrOg + 3 HgO. 

Properties : 

Sodium bromide is very soluble. 100 parts of water at 



0° C. dissolve 77.5 parts of NaBr.* 
20° ** " 88.4 " 

" 104.2 ** 
" 111.1 ** 
" 112.4 ** 
*' 114.9 "• 



40° 

60° 

80° 

100° 



The specific gravity at 15^ C. of a solution containing 

5% NaBr is 1. 040. t 
10% '' *' 1.080. 
20% " ** 1.174. 
30% '* ** 1.281. 
40% *' " 1.410. 
50% " " 1.565. 

When crystallized from aqueous solution above 30^ C, the 
crystals contain no "water of crystallization," but when crys- 
tallized below this point, they contain 2 HgO. The anhydrous 
salt forms cubical crystals, and the hydrated variety is mono- 
clinic. 

The hydrated salt melts at 50° C. and becomes anhydrous. 



* Kremers, Pogg. Ann. 97, 14. 

t Gerlach, Zeit. anal. Chem. 8, 285. 
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83. SODIUM CARBONATE. 

^SCOg. M.W. = 106. 

NajjCOjlO HgO (sal soda). M.W. = 286. 

Take of 

Soda ash, 2000 gr. 

Water, 4500 cc. 

(a) Dissolve the soda ash in the water, by heating to about 
80° C. If the dry soda ash be placed in a dish and water 
poured over it, the entire mass is liable to cake together in a 
solid lump, whose solution then becomes very slow and diffi- 
cult. To avoid this, it is better to pour the pulverized soda 
ash, into the hot water in a fine stream, while stirring actively ; 
or to put the soda ash into a crock, and blow free steam into 
it until it is dissolved. When solution is completed, filter off 
the insoluble matter on a cloth filter, evaporate the filtrate to 
47° Tw. (sp. gr. 1.235), and allow it to cool slowly to 10-12° 
C. Large crystals of aal soda^ Na2COglO H2O, are formed. 
Pour off the mother liquor, and evaporate it further for more 
crystals. Remove the crystals from the dish, break up all 
large lumps, and put the whole mass through the centrifugal 
machine, until no more liquor can be separated. The crystals 
should feel dry to the hand. Spread them on a dry glass plate, 
and allow them to dry in the air until the edges begin to turn 
white. Then put them into a dry bottle immediately, and 
stopper tightly. If the solution of soda ash, is yellow or 
brown, a small amount of bleaching powder may be put in, to 
decolorize it. Filter off the precipitate before concentrating 
the solution to crystallize it. 

Traces of chlorides and sulphates, which usually contaminate 
soda ash, are not removed by this process of making sal soda, 
but may remain after several recrystallizations ; and traces of 
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silica may be present, dissolved from the porcelain and glass 
vessels used in its preparation. 

{b) To prepare a salt free from chloride and sulphate, use 
the commercial hicarhonate as material. Put 600 gr. of bicar 
bouate mto a large funnel whose neck is plugged with cotton, 
level off the upper surface of the salt, and cover with a circular 
piece of filter paper, laid on the salt. Pour small quantities of 
distilled water (25-30 cc.) on this paper from time to time, and 
let it pei"colate through the soda. After 400 cc. of water have 
been used for this washing, test the filtrate as it runs from the 
funnel, for chloride and sulphate. When, after acidifying the 
filtrate with nitric acid, no turbidity is produced by either 
silver nitrate or barium chloride, the washing is finished. Dry 
the remaining bicarbonate by suction and in the hot closet, and 
finally ignit« at a low red heat in a platinum, silver, or por- 
celain dish. Dissolve the ignited mass in warm water, filter 
if necessary, and evaporate to crystallize.* This should yield 
a sal soda, pure except for traces of silica. 

(c) According to J. Lawrence Smith, -j- a pure sodium carbon- 
ate may be prepared by precipitating a cold, solution of 145 gr. 
of sal soda in 100 cc. of water with a solution of 60 gr. of .pure 
oxalic acid dissolved in 100 cc. of warm water. Put the 
sodium oxalate which separates into a 6-inch funnel, and wash 
with 500 cc. of distilled water as above described, using the 
filter pump (p. 13), Then dry, and heat to full redness in a 
platinum dish until the oxalate is decomposed. Dissolve, 
filter, and recrystallize. 

Properties: 

Sal soda forms large colorless crystals containing 10 mole- 
cules of water. At 34° C. these crystals melt in their "wat«r 



• Frbsenius. 

t FSBSBNIKS, Manual of Qual. Clieni. Anal, 12tli ed., p. 79. 
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of crystallization." On exposure to the air they soon eflBo- 
resce and fall to a white powder having the composition 
Na^COgHjO. 

Anhydrous sodium carbonate, obtained by igniting the hy- 
drated crystals, is a pure white powder which should dissolve 
in water without turbidity or leaving any residue. If not care- 
fully prepared it may contain some caustic soda. It melts at 
a red heat with slight decomposition. On exposure to the air 
it absorbs moisture which may amount to from 6-8^ of the 
total weight. 

Pure sodium carbonate should give no test for chloride nor 
mlphate in very dilute nitric acid solution, with silver nitrate 
or barium nitrate. Tests with potassium sulphocyanate, or 
ammonium molybdate and nitric acid, should not show the 
presence of iron or phosphorus. Fusion with potassium cyanide 
in a current of carbon dioxide should give no dark sublimate 
of arsenic even on prolonged heating. 

100 parts of water at 

0° C. dissolve 7.1 parts anhydrous Na2C08.* 



10° " 


u 12.60 '' ** 


20° '* 


a 21.4 " 


30° " 


u 38.1 ** 


32.5° ** 


tc 59^ u u 


33° *' 


u 46,2 ** ** ** 


70° »* 


u 46,2 '<• 


80° " 


u 46.1 


90° ** 


U 45,7 4* U U 


100° '* 


u 45,4 


105° ** 


u 45,1 u u 



A maximum solubility is reached at 33° C. (46.2 parts) and 
remains nearly constant until about 79° C, above which there 
is a slight decrease. 

* Mulder, Scheik. Verhand. 1864, 129. 
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Specific gravity of NagCOg + Aq at 17.5° C* 



Sp. gr. 


% Na^COg. 


% NaaCOglO HjO. 


1.010 


1 


2.70 


1.020 


2 


5.40 


1.031 


3 


8.10 


1.041 


4 


10.18 


1.062 


6 


13.50 


1.063 


6 


16.20 


1.073 


7 


18.90 


1.084 


8 


21.60 


1.095 


9 


24.30 


1.105 


10 


27.00 


1.116 


11 


29.70 


1.127 


12 


32.40 


1.137 


13 


35.10 


1.148 


14 


37.80 


1.157 


15 


40.50 



Specific gravity of Na2C03 + Aq at 30° C.f 

Sp. gr. Deg. Tw. % Na^COg. Gr.Na^COg per liter of the solution. 

155.3 
164.4 
177.7 
189.3 
201.1 
214.0 
225.1 
237.3 
249.7 
262.3 
275.4 
288.5 
301.5 
314.7 
327.9 
341.3 
354.9 
368.5 

* Haoer, Commentar zum Pharmc. Germanica, 1883. 
t Lunge, Chemiscbe Industrie, 1882, 320. 



1.140 


28 


13.62 


1.150 


30 


14.47 


1.160 


32 


15.32 


1.170 


34 


16.18 


1.180 


36 


17.04 


1.190 


38 


17.90 


1.200 


40 


18.76 


1.210 


42 


19.61 


1.220 


44 


20.47 


1.230 


46 


21.33 


1.240 


48 


22.21 


1.250 


50 


23.08 


1.260 


52 


23.93 


1.270 


54 


24.78 


1.280 


56 


25.62 


1.290 


58 


26.46 


1.300 


60 


27.30 


1.310 


62 


28.13 
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84. SODIUM CHL.OBIBE. 

NaCl. M.W. = 58.5. 

Take of 

Sodium chloride, 1000 gr. 

Water, 3500 cc. 

Lime (CaO), 12 gr. 

Barium chloride, 12-25 " as needed. 



Sodium carbonate. 
Hydrochloric acid. 



each a sufficient quantity. 



Dissolve the salt in 3i liters of cold water in a 14-inch 
evaporating dish. Add about 10 cc. more water to the lime 
than it will absorb, and let it stand until the slaking is com- 
plete. Mix the calcium hydrate with 100 cc. of water, to form 
a thin paste ("milk of lime"), add this to the salt solution, 
and warm. Filter, and pour dilute barium chloride solution 
into the hot filtrate, as long as a test shows any sulphuric acid 
not precipitated. Then, without filtering, carefully add a solu- 
tion of sodium carbonate to precipitate the excess of barium 
and calcium ""salts. This usually requires about 10-12 gr. of 
dry sodium carbonate. Filter, and neutralize the excess of 
carbonate with hydrochloric acid, until neutral to litmus paper. 
Evaporate to crystallize. Dry the crystals in the dish on the 
steam bath and then in the hot closet. 

Reactions : 

MgCIj + Ca(0H)2 = Mg(0H)2 + CaCla- 
MgSO^ + BaClj = BaSO^ + MgCl^. 
CaClj + NajCOg = CaCOj + 2 NaCl. 
NaaCOj + 2 HCl = 2 NaCl + COj + HjO. 
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Properties : 

Sodium chloride is soluble in about 2.8 parts of water at 
15^ C, and this solubility does not change much with changes 
of temperature, as is shown in the following table : 

100 parts of water at 



0° C. dissolve 35.7 parts sodium chloi 


10° *' ' 


* 35.8 * 






20° '* 


* 36.0 ' 






30° '' 


' 36.3 * 






40° »* 


' 36.6 * 






50° ** 


' 37.0 * 






60° *' 


37.3 * 






70° ** 


* 37.8 * 






80° ** 


' 38.4 * 






90° '* 


* 39.1 * 






100° "■ 


* 39.8 ' 






109.7° *' * 


* 40.4 * 







(( 



(( 



u 



The specific gravity of salt solutions at 15^ C. is shown in 
the following table : 

l%NaCl, 1.00725 sp.gr. t 

10% '* 1.07335 

20% " 1.15107 

25% " 1.19228 

26.395% ** 1.20433 ** 

Saturated solutions are precipitated by the addition of con- 
centrated hydrochloric acid. The solution of pure salt in 
water, should be perfectly clear, and give no tests for sul- 
phates^ alkaline earths^ nor heavy metals, 

* Mulder, Scheik. Verhand. 1864, 37. 
t Gerlach, Zeit. anal. Chem. 8, 279. 
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85. SODIUM NITRATE (C. P.). 

NaNOg. M.W. = 85. 



Take of 



Chilinitre, 1000 gr. 

Water, 600 cc. 



The crude nitre contains chlorides, bromides, iodides, and 
sulphates of sodium and magnesium, with traces of iron and 
alumina salts, and insoluble matter. 

Dissolve the nitre in the water by heating to 85^ C, add 50 cc. 
of " milk of lime," * and digest for half an hour with frequent 
stirring. Filter, and acidify the hot filtrate with concentrated 
nitric acid ; then add a solution of barium nitrate, in small por- 
tions, as long as test portions, filtered off and diluted, give a 
white precipitate with a drop of the barium nitrate. Filter hot, 
and neutralize the solution with sodium carbonate to precip- 
itate any excess of calcium and barium salts added. Filter, 
and acidify the filtrate with concentrated nitric acid, 80° Tw. 
(sp. gr. 1.400), and heat to drive off carbon dioxide which may 
remain dissolved in the solution. 

Then add about 100 cc. of concentrated nitric acid (80° Tw.), 
and cool rapidly, while stirring actively. Filter off the crys- 
talline meal on the Biichner funnel (p. 14) with suction, and 
wash several times with dilute nitric acid, until free from 
chloride, etc. Redissolve the crystal meal in distilled water, 
evaporate to a density of 75° Tw. (sp. gr. 1.375), and allow to 
crystallize by cooling slowly. Filter out the crystals, and evapo- 
rate the mother liquor to saturation for another crop. Dry the 

* Barium hydrate may be used instead of *'milk of lime," but in this case 
there will be no necessity of adding barium nitrate. The excess of barium is 
then precipitated with sodium carbonate as above. 



198 



INORGANIC CHEMICAL PREPARATIONS. 



product in the warm closet, placing it in the cooler compart- 
ment at first. 



Properties : 






Sodium nitrate is somewhat deliquescent in damp air. 


parts of water at 






0° C. dissolve 72.9 parts nitrate.* 


10° " 


" 80.8 




20° " 


** 87.5 




40° ** 


*' 102. 


It ti 


60° '* 


" 122. 




80° "■ 


" 148. 




100° *' 


" 180. 




110° " 


" 200. 





100 



The density of a solution of sodium nitrate at 20.2® C. 
containing 

10% NaNOs is 1.0676.t 



20% " 


*' 1.1418. 


26% " 


** 1.1822. 


30% ^* 


'* 1.2239. 


40% - 


" 1.3155. 


50% " 


** 1.4180. 



When heated above its melting point, sodium nitrate decom- 
poses and passes into nitrite, and finally gives off nitrogen, 
oxygen, and nitrous vapors, leaving only caustic soda as 
residue. It is largely used to make potassium nitrate by double 
decomposition with potassium chloride or sulphate. 



* Mulder, Scheik. Verhand. 1864, 83 
t ScHiFF, Ann. 110, 75. 
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86. SODIUM NITROPRUSSIDE.* 

Na2Fe(CN)gNO-2 HjO. M.W. = 298. 

Take of 

Potassium ferrocyanide, 200 gr. 

Nitric acid, 83.5° Tw. (sp. gr. 1.42), 400 " 

Sodium carbonate (anhydrous), 182 " (approx.) 

Water, 285 cc. 

Pulverize the ferrocyanide to a rather fine powder. Dilute 
the nitric acid with the water, in a 1000-cc. flat-bottom flask. 
Add the ferrocyanide to the diluted acid in small portions at a 
time, shaking the flask after each addition, and allowing the 
effervescence to cease before adding more ferrocyanide. Do this 
under the hood! 

When all the ferrocyanide has been introduced, heat the 
flask on the water bath for an hour, until a test of 2 cc. of the 
solution gives no precipitate with ferric chloride. Then allow 
the flask to stand quietly in a cool place over night. Next day 
decant the olive green liquid from the crystals of potassium 
nitrate, pouring it through a Biichner funnel without filter 
paper, to remove any loose crystals. Neutralize the filtrate with 
the dry sodium carbonate introduced in small portions, shaking 
well after each addition. 

When nearly neutralized cold, heat over the lamp to boiling, 
to expel carbon dioxide, and then complete the neutralization 
by adding a strong solution of sodium carbonate, a few cc. at a 
time, until there is no more effervescence. Avoid adding 
much excess of sodium carbonate. Filter hot, on a folded filter, 
to remove any blue or brown precipitate that may have formed 
during the neutralization. Evaporate the dark red filtrate in a 

* Zeit. anorg. Chem. 11, 278-287 ; Ber. 15, 2613. 
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large casserole, on the water bath, until a considerable mass of 
crystals of nitroprusside has deposited from the hot liquid. 
Decant the hot mother liquor into a small casserole, leaving the 
mass of crystals, and dry them in a desiccator over sulphuric 
acid. Evaporate the mother liquor until more crystals separate 
from the hot liquid, and decant again. The crystals so obtained 
if not contaminated with nitrate, are dried as in the first case 
and put with the others. Evaporate the mother liquor from 
this second crystallization, to a very small bulk, and allow it to 
cool very slowly. A mixture of crystals of sodium and potas- 
sium nitrate, sodium nitroprusside, and any excess of sodium 
carbonate, is obtained, from which the red nitroprusside crystAls 
may be picked out with pincers. 

Redissolve the combined product of nitroprusside crystals, in 
about twice its weight of hot water, filter the solution through 
a folded filter into a 6-inch evaporating dish, and allow it to 
stand quietly for some time in a desiccator over sulphuric acid. 
By this veiy slow evaporation, lai^e crystals of the nitroprusside 
may be obtained entirely free from the salts in the mothec 
Hquor. The progress of the crystallization should be watched 
from day to day, and the sulphuric acid renewed with conceii:- 
trated acid every two or three days. 

During the entire process of preparation and crystallization, 
the solution should be protected from direct sunlight and even 
from strong daylight. 

Some authorities recommend the addition of three or four 
parts of alcohol to the solution of nitroprusside, just before 
allowing to crystallize, but in tlie author's experience this 
addition yielded no particular advantage. 

Properties : 

Sodium nitroprusside crystallizes in blood-red, 
prisms. It dissolves in 2^ parts of cold water. The 



I 

rhombio H 
i solution S 
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is unstable, and on exposure to sunlight, decomposes, forming 
Prussian blue and liberating nitrogen oxides. A solution of 
sodium nitroprusside is used occasionally in the laboratory, as a 
delicate test for sulphides of the alkalies, in dilute solution with 
which it gives a deep violet coloration. 



87. SODIUM PHOSPHATE. 

Na2HP04l2 H2O. M.W. = 358. 

Take of 

Bone ash (powdered), 5000 gr. 

Sulphuric acid, 104^ Tw. (sp. gr. 1.52), 3520 cc. 
Sodium carbonate (dry), 2750 gr. (approx.) 

The material used is bone ash which is very finely ground in a 
mill. Bone ash, when of good quality, may be reckoned as about 
80^ tricalcium phosphate, and requires for its decomposition 

1.067 kg. H2SO4 of 104° Tw. (sp. gr. 1.520) 
or 857 gr. HgSO^ of 140° Tw. (sp. gr. 1.700) 
or 736 gr. HgSO^ of 160° Tw. (sp. gr. 1.800) 

for each kilo of bone ash used. 

Use a lead-lined tank, and place it out of doors in a good 
draught of air. Mix the acid (sp. gr. 104° Tw.) and 5 kg. of 
bone ash by means of a large porcelain spatula. Great heat is 
developed during the reaction, and water and acid fumes escape 
copiously. Stir well for an hour or two, and then let it stand 
over night to complete the decomposition of the ash. Lixiviate 
the mass with twice its volume of water, and boil by blowing in 
free steam. Filter hot, on a cloth bag filter (see Filtration, 
p. 10), and allow to drain. Repeat the boiling with fresh 
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water 5 or 6 times, until the wash water has a gravity of less 
than 2° Tw. Evaporate the filtrate to a convenient bulk, 
perhaps 6 liters, and neutralize the boiling-hot Uquid with a 
strong solution of sodium carbonate of known strength. A 
heavy precipitate of calcium carbonate falls, which is filtered off, 
and the filtrate evaporated till the hot solution has a density of 
25° Tw. at 17° C. Then let it stand quietly to crystallize. 
Drain the crystals, and recrystallize once or twice from distilled 
water. The crystals must be air dried after draining, and 
bottled as soon as possible, since they eflfloresce very quickly in 
the drying closet. 

Reactions : 

CagPaOg + 3 H2SO4 + 6 H^O = 

3 (CaSO^ + 2 H2O) + 2 H3PO4. 

CagPaOg + 2 H^SO^ + 6 H2O = 

2 (CaSO^ + 2 H2O) + (CaH4P208 + H2O). 
H3PO4 + Na2C03 = Na2HP04 + H2O + CO2. 
CaH^PgOg + 2 Na2C03 = 

2 Na2HP04 + CaC03 + H2O + CO2. 
Properties : 

Sodium phosphate is soluble in water in the following pro- 
portions : 100 parts of water at 

10° C. dissolve 3.9 parts of Na2HP04.* 



20° " 


it 


9.3 ** « 


25° " 


u 


15.4 " « 


40° " 


»i 


63.9 " " 


50° " 


ii 


82.5 " " 


60° " 


u 


91.6 " " 


75° " 


it 


95.8 « « 


80° " 


tt 


96.6 " « 


99° " 


tl 


98.8 « " 


105° " 


u 


82.5 " *' 



it 



tt 



tt 



tt 



tt 



tt 



tt 



tl 



tt 



♦Mulder, Scheik. Verhand. 1864, 103. 
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The crystals effloresce quickly in the air, and when heated to 
100° C. all of the crystal water is given ofif. 

As above prepared from common acid the salt may contain 
arsenic, copper or calcium sulphates, carbonates, chlorides, or 
nitrates. 

The salt is used in the laboratory for the determination of 
magnesium and for the detection of the alkaline earth metals 
in general. 



88. SODIUM SULPHATE. 

(Glauber's Salt.) 
Na^SO^. M.W. = 142. 

NagSO^lO HgO. M.W. = 322. 

To purify from iron : 

Take of 

Common Glauber's salts, 2000 gr. 

Water, 3000 cc. 

Milk of lime, ) j» i. ^^ 

_, , . , > of each a small quantity. 

Bleaching powder, ) 

(a) Dissolve the crude sodium sulphate in the water, and 
heat to boiling ; add " milk of lime " until just alkaline. Stir 
well, and add, while stirring actively, a solution of bleaching 
powder, in 9mall portions at a time, until a test of 10 cc. filtered 
ofif shows no traces of iron. The solution must be kept very 
hot until all the iron is precipitated, so that the precipitate may 
be dense and settle rapidly. Decant (p. 19) the clear liquor 
through a cloth filter, and evaporate the filtrate to a density of 
61.6° Tw. (sp. gr. 1.257) taken at 40° C. AUow it to stand 
quietly until cold, and large crystals of Glauber's salt deposit. 
Free these from the mother liquor in the centrifugal machine. 
Evaporate the mother liquor for another crop of crystals ; these 
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may be contaminated with chlorides and should be recrystallized 
from distilled water. 

(J) The oxidation of the iron may be accomplished by putting 
chlorine water into the hot, concentrated solution of Glauber's 
salt ; then add caustic soda solution, a little at a time, till all 
the iron is precipitated. Filter, and evaporate to crystallize as 
above described. 

Properties : 

The crystals of Glauber's salts effloresce when exposed to 
dry air and melt in their ''water of crystallization," when 
heated to 33° C. A solution of this salt reaches its maximum 
concentration at 34*^ C, beyond which point the solubility 
decreases and the anhydrous salt separates. 

100 parts of water dissolve at 



Temp. 


NaaSO*.* 


Na2SO4-10 HaO.t 




0. °C. 


4.8 


12.16 




10. ° '' 


9.0 


23.04 




15. ° "• 


13.4 


36.96 




20. ° '' 


19.5 


68.86 




26. ° '' 


27.9 


98.48 




30. ° '* 


40.9 


184.1 




32. ° "• 

33. ° *' 


47.8 
60.6 






323.1 




34. ° " 


60.4 


412.2 




35. ° " 


50.2 






40. ° '' 


48.8 


•So 

^ o 




46. ° *' 


47.7 




60. ° ** 


46.7 


*^ CO 




55. ° '* 


45.9 


$ g 




60. ° '' 


46.3 


«l 




66. ° '' 


44.8 


■2 -s 




70. ° " 


44.4 


<=i s 




75. ° " 


44.0 






80. ° " 


43.7 


5 s 




86. ° " 


43.3 


03 .^4 
4^ 00 




90. ° *' 


43.1 




95. ° " 


42.8 


-^ E? 




100. <> ** 


42.6 


OQ O 




103.5° »» 


42.2 







* Mulder, Scheik. Verhand. 1864, 123. 
t LowEL, Ann. Chim. Phys. [3] 49, 42. 
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Specific gravity of NagSO^ + ^^ ^* 1^*^ C* 



% 


Na2S04 + 10 HaO. 


NaaSO*. 




1 


1.004 


1.0091 




2 


1.008 


1.0182 




3 


1.013 


1.0274 




4 


1.016 


1.0365 




5 


1.020 


1.0457 




6 


1.024 


1.0650 




7 


1.028 


1.0644 




8 


1.032 


1.0737 




9 


1.036 


1.0832 




10 


1.040 


1.0927 




16 


1.060 






20 


1.082 






25 


1.103 






30 


1.126 







89. SODIUM SULPHIDE. 



NagS-O H2O. 



Take of 



M.W. = 240. 



Caustic soda, 
Water, 



200 gr. 
200 cc. 



Dissolve the caustic in the water in a loosely stoppered flask 
or bottle. Allow it to stand quietly until the sediment col- 
lects on the bottom of the vessel, and then decant through a 
filter of glass wool. The clear solution should have a density 
of 80° Tw. (sp. gr. 1.400) at 20° C. 

Divide the solution into 2 equal portions, and transfer one 
portion to a 300-cc. flask. Into this portion pass a moderately 
rapid stream of hydrogen sulphide, which has passed through a 
wash bottle containing water. The color of the caustic solu- 
tion changes to deep yellow, a white precipitate settling out at 

* Gerlach, Zeit. anal. Chem. 8, 287. 
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first ; but on continuing the stream of hydrogen sulphide, the 
solution becomes wann, the precipitate redissolves, and the 
color of the solution becomes red or brown. During this 
saturation o£ the liquid, a considerable increase in the volume 
of the solution will be noticed. When the satuiation is com- 
plete, the temperature falls, and the odor of bydi'ogen sulphide 
persists after shaking the flask, blowing out the air in it, and 
allowing it to stand. 

Mix the remaining half of the caustic solution in an 8-inch 
evaporating dish, with the solution of sodium sulphydrate 
obtained as above described, and heat on the water bath for 
half an hour, stirring frequently. A white crystalline precipi- 
tate of needle-like crystals separates when the solutions are 
mixed, but dissolves on heating. Put the dish under a bell 
jar, and allow it to stand over night at the temperature of 
the room. Pour off the supernatant mother liquor from the 
solid cake of sodium sulphide, and allow it to drain well. Break 
up the ciystalline mass, and dry it in a desiccator over sulphuric 
acid, until the thin edges of the crystals begin to effloresce. Put 
Into a dry, well-stoppered bottle, and keep in a cool place. 

The crystals thus prepared are colorless or slightly red or 
brown. If desired, they may be redissolved in a little warm 
distilled water, about 20^ alcohol added to the solution, and. 
then allowed to recryatalhzE 

Reactions : 

NaOH- 

NaSHH 
Properties : 

Sodium monosulphide crystallizes from the above solution ia 
large, quadratic crystals with 9 H^O. The substance is vei] 
soluble in water, has a strong alkaline reaction, and yields i 
colorless solution which, when acidified with hydrochloric aci^t: J 



-HjS = NaSH4 
-NaOH = Na3S- 



H,0. 
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sets free hydrogen sulphide, with only a slight milkiness in 
the liquid. A yellow or orange precipitate, after acidifying, 
indicates the presence of arsenic or antimony. If the solution 
of the sodium sulphide in water is yellow, there are poly- 
sulphides of sodium present. 



90. SODIUM SULPHITE.* 

NagSOg + 7 H2O. M.W. = 252. 

Make a concentrated solution of sodium carbonate, and 
divide it into 2 equal parts. Saturate one portion with sul- 
phur dioxide gas while hot, add the other portion (also hot), 
and let the mixed solutions cool. The salt crystallizes in 
large, colorless crystals, which must be drained or " centrififed," 
and bottled quickly. 

Reactions : 

NagCOg + 2 SO2 + H2O = 2 NaHSOg + COg. 

2 NaHSOg + Na2C03 = 2 Na2S03 + 2 H2O + CO2. 

Properties : 

Sodium sulphite is very soluble in water, the point of great- 
est solubility being 33° C. The solution is strongly alkaline. 
The crystals effloresce quickly on exposure to the air, and 
more or less oxidation occurs. When heated to 150° C, the 
" water of crystallization " is driven off, but the salt does not 
melt until the temperature rises considerably above 150° C. 

The salt is much used as a preservative, and as a reducing 
substance in photography ; also as an " anti-chlor " to remove 
traces of chlorine from bleached fibers. 

«RoHBi6, J. pr. Chem. 145 (1888), 222. Rammelsberg, Ann. 50, 269; 64, 
240. 
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91. SODIUM THIOSULPHATE (Hyposulphite). 

NogS^Og-S H2O. M.W. = 248. 

This salt is formed by boiling "flowers of sulphur" in a 
solution of sodium sulphite (p. 207) for a considerable time. 
When no more sulphur dissolves, filter, evaporate the filtrate 
to 51° Tw. (sp. gr. 1.256), and let it crystallize. 

Reaction : 

Na^SOg + S = NagSaOg. 

Properties : 

Sodium thiosulphate forms large, colorless crystals which 
effloresce when exposed to the air ; when heated to 48° C, the 
crystals melt in their "water of crystallization," and when 
heated to 215° C, the water is all driven off ; at 220° C. the 
salt decomposes and the sulphur separates. 

100 parts of water at 

0** C. dissolve 47.60 parts of the anhydrous salt.* 



20° " 


i( 


69.60 


« 


(( 


(( 


(( 


40° »' 


(( 


104.2 


u 


(( 


(( 


<( 


60° " 


(( 


192.30 


(( 


(( 


i( 


(( 



100 parts of water at 19.5° dissolve 171 parts of the crystal- 
lized salt. On standing, the aqueous solution slowly decom- 
poses, with separation of sulphur and formation of sulphite, 
which, in turn, is slowly oxidized to sulphate on exposure to 
the air. 

The specific gravity of solutions of sodium thiosulphate is 
shown in the following table : 

* Kremers, Pogg. Ann. 99, 60. 
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Sp. gr. 


% NaaSaOs-e HaO. 


% NaaSaOs, 


1.0062* 


1 


0.637 


1.0264 


6 


3.186 


1.0629 


10 


6.371 


1.0807 


16 


9.666 


1.1087 


20 


12.742 


1.1381 


26 


15.927 


1.1676 


30 


19.113 


1.1986 


36 


22.298 


1.2297 


40 


26.484 


1.2624 


46 


28.669 


1.2964 


60 


31.866 



Sodium thiosulphate solution dissolves the iodides and bro- 
mides of silver, mercury, and lead, forming soluble double salts. 

It is largely used as an " anti-chlor " for bleached fibers and 
as a solvent for the silver bromide and chloride in photog- 
raphy. 



92. STANNIC CHLORIDE. 

SnCl^. M.W. = 260. 

{a) Take of 

Stannous chloride (crystals), 1000 gr. 

Hydrochloric acid, 25° Tw. (sp. gr. 1.125), 1170 cc. 

Nitric acid, 44° Tw. (sp. gr. 1.220), 435 " 

Water, 1000 " 

Put the stannous chloride into a 12-inch evaporating dish, 
and add the 1170 cc. of hydrochloric acid ; warm on the steam 
bath, and stir until the salt is dissolved. Then dilute with 
1 liter of hot water. If the solution does not remain clear, 
there is a deficiency of hydrochloric acid, in which case add 
very concentrated hydrochloric acid, a few drops at a time, 

* H. ScHiFF, Ann. 113, 188. 
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until the solution becomes clear. Add the nitric acid, a fev| 
CO. at a time, to the warm solution, stirring well after f 
addition. After a considerable part of the nitric acid has beeni 
added, test a few drops of the solution with a drop of mercuric 
chloride solution. If a white precipitate falls, stannous chloride 
is present, and more nitric acid is needed. SnCl^ + 2 HgClj 
^ SnCl^ -|- 2 HgCl. When no white precipitat« falls, thej 
oxidation is complete, and no more nitric acid should be added. I 
Put the liquid product into a tightly stoppered bottle. 

Reaction : 

3 SnCl^S H3O + 6 IICl -[- 2 IINO3 = 

3 SnClj + 10 H2O + 2 NO. I 

Instead of using nitric acid, the stannous chloiide may be I 
treated with chlorine gas or with hydrochloric acid and potafrj 
slum chlorate, in the proportions required in the following 1 
reactions : 

SuCla-2 FTjO + CI3 = SnCl, + 2 lip. 
3 SnClj-a HjO + 6 HCl + KCIO3 ^ 3 SnCl^ + KCl -\ 



) HjO. I 

(b) For anhydrous stannic chloride:* 

Heat 150 gr. of granulated or bar tin, in a tubulated retorty:! 
on the gas stove until melted, and lead a strong stream of diy J 
chlorine gas into the retort through a glass tube which opens^ 
just above the surface of the melted tin. To the neck of 
the retort join a long condenser, which connects with two 
Wolff's bottles acting as receivers, and placed in a pan of ice- 
water to condense the volatile stannic chloride. Then disti] 
the stannic chloride collected in the Wolff bottles, from a f 
tionation flask provided with a thermometer and conta 
some bits of tin foil. The distillate coming over bett 

<■ Bbhdbb and Ekdhaitk, Cbemische Praparatenkimde, 1, 436. 
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112-114° C. is pure ; this should be collected in the glass- 
stoppered bottle in which it is to be preserved. 



Reaction : 



Properties : 



Sn + 2 CI2 = SnCl^. 



Stannic chloride is a colorless or faintly yellow liquid, which 
fumes on exposure to the air and boils at 114° C. When 
mixed with small quantities of water, crystallized salts, such as 
SnCl^'S HgO and SnCl^^S HjO, are formed. These are very 
soluble in water. The dilute aqueous solution, when boiled, 
yields a precipitate of stannic acid, HgSnOg. 

The specific gravity of the aqueous solution at 15° C. 
containing 

2% SnCl4-6 H2O is 1.012.* 



10% 


» " 1.059. 


20% 


" 1.124. 


30% 


» »* 1.195. 


40% 


»» 1.276. 


50% 


»* 1.366. 


60% 


** 1.468. 


70% 


'' 1.587. 


80% 


'' 1.727. 


90% 


** 1.894. 


96% 


** 1.988. 



Stannic chloride solutions prepared as in (a) are largely used 
in the dyeing and printing of cotton and silk. It forms double 
salts with the alkali chlorides, which are easily crystallized ; 
the most important of these is the stannic-ammonium chloride, 
formerly much used as a mordant under the name of "pink 
salt." Mixtures of stannic and stannous chlorides are found 
in commerce under such names as " tin spirits," "cotton spirits," 
" oxymuriate of tin," " pink-cutting liquor," etc. 



* Gerlach, Dingl. J. 178, 49. 
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= 225. 



93. STANNOUS CHLORIDE. 
SnCV2HaO. M.W.. 

Take of 

Tin, 500 gr. 

Hydrochloric acid, 36° Tw. (sp. gr. 1.180), 750 oc. 

" Feather " the tin, as directed on page 86, and put into a deep 
beaker of at least 1200-cc, capacity, and add the hydrochloric 
acid in portions of about 75 cc. each. Heat gently until the 
reaction starts, and allow to stand, covered with a watch glass, 
on the steam table until the i-eaction moderates before adding 
the next portion. When about one-half of the acid has been 
added, let the beaker stand quietly, keeping it hot until aU 
action ceases. Decant the solution of stannous chloride from 
the residue of tin, and add the remainder of acid aa above' 
directed. Heat on the steam bath until the tin is all dissolved, 
or the acid all neutralized. Allow to settle, and decant the 
liquid from any residue. Combine the two solutions, evaporate' 
to a specific gravity of 1.985, and let the liquid cool in a 
covered evaporating dish. Drain the mass of crystals in a 
funnel covered with a watch glass. Dry in a desiccator over 
sulphuric acid, and bottle as soon as dry. 

Care must be taken to protect the preparation from dust during 
the entire process, and to keep the vessels covered to exclude the 
air as much as possible. If filtration is necessary, use glass wool. 
No water sliould be added to the solution at any time, for tui-' 
bidity may result, due to the formation of oxychloride of tin. 

Reaction: 

Sn + 2 HCl = SnCl2 + Ha. 



I 



Stannous chloride forms colorless crystals with 2 H^O, wbldl I 
are sold in commerce under the name of "tin crystals." 
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It is very soluble in water, dissolving in 0.37 parts of water 
at 16° C. 

The specific gravity of the aqueous solution at 15° C. con- 
taining 

6% SnCl2-2 HaO is 1.0331.* 



10% 
20% 
26% 
30% 
36% 
40% 
60% 
60% 
70% 
76% 



1.0684. 
1.1442. 
1.1866. 
1.2300. 
1.2779. 
1.3298. 
1.4461. 
1.6823. 
1.7462. 
1.8399. 



The aqueous solution absorbs oxygen from the air and 
becomes turbid, owing to the formation of oxychloride, 3 SnClg 
+ HgO + O = SnCl^ + 2 SnCl(OH). The crystals also decom- 
pose in this way when exposed to the air. The oxychloride is 
dissolved by the addition of hydrochloric acid. 

The salt is largely used in dyeing textile fabrics and some- 
what as a reducing agent in analytical work. Commercial 
samples often contain arsenic, alkaline earths (magnesium, etc.), 
and sulphates. 



94. STRONTIUM CHLORIDE. 

SrCl^ + 6 HgO. 

(a) Take of 

Strontianite (powdered), 

Hydrochloric acid, 37° Tw. (sp. gr. 1.185), 

Strontium hydrate. 

Water, 

* Gerlach, Dingl. J. 186, 131. 



M.W. = 266. 



1000 gr. 

1150 cc. 

25 gr. 

500 cc. 
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Put the strontianite into a 14-inch evaporating dish, add 
water, and stir to form a thick cream. Put the dish on the 
steam bath, and heat ; then add the acid in the same way as 
directed in the preparation of barium chloride on page 76, keep- 
ing the solution hot. When all the acid has been added, bring 
to boiling to drive off carbon dioxide, and then add 25 gr. stron- 
tium hydrate to the hot solution and keep hot for an hour, 
stirring frequently. Filter to remove the insoluble residue and 
precipitated iron and alumina, and acidify the filtrate with 
hydrochloric acid ; concentrate to a density of 60° Tw. (sp. gr. 
1.300), and allow to cool and crystallize where it will not be 
disturbed. Drain or pass the crystals through the centrifugal 
machine. Dry in the desiccator. The mother liquor will yield 
more crystals on further concentration. 

Reaction : 

SrCOg + 2 HCl = SrCla + HgO + CO2. 

(6) Take of 

Celestite (powdered), 300 gr. 

Charcoal " 100 " 

Mix the finely powdered materials very thoroughly, and fill 
a Battersea G crucible with the mixture, pressing it down 
firmly and covering it with a layer of powdered charcoal. 
Then fit a sheet-iron cover tightly over the crucible by pressing 
down the cut edges over its sides. Then heat in the Roessler 
furnace for an hour or more at a full white heat. Cool the 
crucible before opening it. When cold, transfer the contents 
to an evaporating dish, and add dilute hydrochloric acid until 
the evolution of hydrogen sulphide becomes slow. Heat to 
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"boiling until all the hydrogen sulphide is expelled. Filter the 
solution, and evapoiute to crystallize as in (a). 

Jteactions : 

SrSO^ + 4 C = SrS + 4 CO. 

SrS + 2 HCl = SrCl^ + HgS. 

(c) Strontianite usually contains barium and calcium carbon- 
ates, and the above methods do not separate these completely. 
A pure salt may be prepared as follows : * 

Treat strontianite, or sulphide obtained by the reduction of 
the sulphate, with just enough hydrochloric acid to dissolve it, 
preferably using a slight excess of the salt so that all the acid 
may be neutralized. Add a slight excess of ammonia to precipi- 
tate iron and alumina, filter, and add excess of sulphuric acid. 
Wash the precipitate of barium, calcium, and strontium sul- 
phates by decantation, with very dilute sulphuric acid (1-2^ 
HgSO^), and then wash with water until the calcium and mag- 
nesium salts are removed. Digest cold for two days with a 
1056 solution of ammonium or potassium carbonate, stirring 
frequently and thoroughly. Wash by decantation (p. 20) with 
water a number of times. Digest the mixture of carbonate and 
sulphate thus obtained, with dilute hydrochloric acid, which 
dissolves the strontium carbonate and a trace of barium salt. 
Decant, allow the solution to stand 24 hours or more, and 
filter through a filter moistened with hydrochloric acid. To 
each liter of the filtrate add 200 gr. of hydrochloric acid (sp. gr. 
1.17) and 2-3 gr. of precipitated strontium sulphate, which 
need not be free from barium, and let the whole stand for 
several hours, stirring at frequent intervals. This precipitates 
the barium completely, a corresponding amount of strontium 
going into solution. Filter, evaporate to dryness, extract the 
residue with 3 times its weight of water, allow it to stand a 

♦ Barthb and Falieres, Bull. Soc. Chim. [3] 7 (1892), 104. 
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day, and filter again. Evaporate the solution until the stron- 
tium chloride crystallizes out.* 

Properties: 

Strontium chloride forms long deliquescent crystals with 
6 HgO, which pass ofif when the salt is heated to 100^ C. 
100 parts of water at 

0° C. dissolve 44.2 parts SrC^-t 



10° » 




48.3 " 


20° » 




63.9 " 


30°* 




60. " 


40°' 




66.7 " 


60°' 




74.4 *' 


60°' 




83.1 " 


70°' 




89.6 " 


80°' 




92.4 " 


90° ' 




96.2 " 


100°' 




101.9 " 


110° ' 




109.1 " 


118°' 




116.6 " 



{( 



(( 



(( 



(I 



4( 



(( 



(( 



(( 



(1 



(( 



(( 



(( 



The specific gravity of the aqueous solution at 15° C, 
containing 

5%SrCl2isl.0453.t 



10% ' 




1.0929. 


16% ' 




1.1439. 


20% ' 




1.1989. 


26% ' 




1.2680. 


30% ' 




1.3220. 


33% * 




1.3633. 



Strontium chloride is also soluble in alcohol. 

* According to Sorensen (Zeit. anal. Chem. 11, 306), the above process does 
not yield a product entirely free from barium. The method which he gives, 
however, is very complicated, and beyond the scope of this Manual. The 
original memoir should be consulted by the student. 

t Mulder, Scheik. Verhand. 1864, 118. 

t Gerlach, Zeit. anal. Chem. 8, 283. 
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95. STRONTIUM NITRATE. 

Sr(N03)2. M.W. = 211. 

Sr(N08)24 HgO. M.W. = 283. 

Take of 

Strontianite (powdered), 1000 gr. 

Nitric acid, 60^ Tw. (sp. gr. 1.250), 1700 cc. 

Strontium hydrate, 25 gr. 

Water, 1500 cc. 

Put the finely powdered strontianite into a 14-inch evaporat- 
ing dish, and add water to make a thick cream. Warm on the 
steam bath, and add the nitric acid in small portions and with 
the same precautions as in the preparation of barium nitrate on 
page 80. When the acid has all been added, and the action has 
ceased in the warm solution, heat until all the carbon dioxide 
is expelled ; then add 25 gr. of strontium hydrate, and warm for 
an hour or two, stirring well at frequent intervals. Filter ofif 
the undissolved residue and the precipitated iron and alumina, 
make the solution just acid with nitric acid, concentrate to a 
density of 75° Tw. (sp. gr. 1.375), and set away to crystallize. 
Concentrate the mother liquor further for more crystals. Drain 
the crystals, or, better, run them through the centrifugal machine, 
and dry very slightly in the desiccator until they begin to 
effloresce, when they should be bottled at once. 

Or, preferably, the solution of nitrate obtained above, may be 
evaporated directly down nearly to dryness, and the small 
quantity of mother liquor poured ofif while hot. By this 
method, anhydrous crystals are formed from the hot concen- 
trated solution. 
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Reaction : 

SrS + CuO +H2O = Sr(0H)2 + CuS. 

Properties : 

Strontium oxide is a dirty white porous substance, which 
combines directly with water with the evolution of heat. 

Strontium hydrate forms a gray crystalline mass or trans- 
parent crystals, according to the mode of preparation. When 
heated to 100°, the crystals give off their water of crystallizar 
tion, leaving the hydrate Sr(0H)2, which fuses at a low red 
heat unchanged, but at a higher temperature is converted into 
the oxide. The crystallized hydrate is deliquescent and solu- 
ble in water, forming a strongly alkaline solution. 1 part dis- 
solves in 50 parts of water at 16° and in 2 parts of boiling water. 
The solution absorbs carbon dioxide from the air with avidity 
and soon becomes turbid, if exposed. 

Strontium hydrate is extensively used in the beet^ugar 
industry for the recovery of sugar from the molasses. 



97. SULPHUR DIOXIDE. 

SO2. M.W. = 64. 

Take of 

Copper chips or turnings, 100 gr. 

Sulphuric acid (concentrated), 300 " 

Put the copper into a 1500-cc. round-bottom flask provided 
with a rubber stopper, carrying a thistle tube and a delivery 
pipe. Connect the delivery pipe with a 500-cc. bottle con- 
taining 200 cc. of water, and provided with a safety tube and 
a delivery pipe, through which the sulphur dioxide may be led 
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into water or other liquid, which is to be saturated. The acid 
must not entirely cover the copper. 

Warm the flask until the reaction begins, and then remove 
the lamp, as the heat generated is sufficient to maintain the 
reaction. When the water in the wash bottle is saturated, a 
strong flow of gas will be supplied by the apparatus until the 
acid is exhausted, or the copper dissolved. A dish should be 
placed under the flask to catch its contents if it should break. 

Heaetion : 

Cu + 2 H2SO4 = CUSO4 + 2 H2O + SO2. 
Properties : 

Sulphur dioxide is a colorless gas, of suffocating odor, soluble 
in water, forming sulphurous acid. It is a powerful bleaching 
agent for wool, silk, or straw which has been moistened with 
water. It is often used as a reducing agent. 

Sulphurous acid and certain acid sulphites, are used as pre- 
servative agents and disinfectants. 

The solution of copper sulphate formed in the flask may be 
used in the preparation of that salt (p. 105). 

The solubility of SOg in water at various temperatures and 
reduced to 760-mm. pressure is shown in this table : * 





Vols. 


of SO2 reduced to 0^ 


Vols, of SO2 reduced to 0° and 


Temp. 


and 760 mm. contained in 


760 mm. dissolved by 




1 vol. of sat. SO2 + Aq. 


1 vol. H2O under 760-mm. pressure. 







68.861 


79.789 


6 




69.816 


67.486 


10 




61.383 


66.647 


16 




43.664 


47.276 


20 




36.206 


39.374 


25 




30.766 


32.786 


30 




26.819 


27.161 


36 




21.234 


22.489 


40 




17.013 


18.766 



* ScHONFELD, Ann. 95, 6. 
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98. ZINC CARBONATE.* 



ZnCOg. 


M.W. = 125. 


Take of 




Zinc sulphate (purified), 
Sodium bicarbonate (dry), 
Water, 


1000 gr. 

625 " 

4200 cc. 



Dissolve the sodium bicarbonate in 3500 cc. of hot water, 
in a 14-inch evaporating dish, and heat to boiling. Dissolve 
the zinc sulphate in 700 cc. of hot water, and filter, if neces- 
sary, directly into the boiling solution of sodium bicarbonate, 
regulating the flow of the filtrate so that the boiling of the 
bicarbonate solution is not interrupted. When all the zinc 
sulphate has been added, allow the precipitate of zinc carbon- 
ate to settle, and decant the liquor, which contains sodium sul- 
phate. Wash the carbonate with boiling water by decantation, 
until free from sulphate, and then collect in a cloth filter, press 
out the excess water, and dry in the warm closet. 

If the sodium bicarbonate be added to the zinc sulphate, a 
precipitate of basic carbonates of zinc is thrown down, which is 
very difficult to decompose by the further addition of sodium 
bicarbonate. An excess of sodium bicarbonate must be present 
in any case. If the precipitation is done cold, the precipitate 
is very voluminous and difficult to wash. 

Reaction : 

ZnS04-7 H2O + 2 NaHCOg = 

ZnCOg + Na2S04 + 8 HgO -f COj. 
Properties : 

Zinc carbonate is a pure white powder, insoluble in cold 
water, but dissolving easily in caustic alkalies, forming zinc- 
ates, which are soluble. 

* MoHR, Arch. Phann. [2] 65, 136. 



ZINC CHLORIDE, 228 

The precipitate, as obtained by the above process, contains a 
little basic carbonate. (Potassium bicarbonate is said to yield 
a pure zinc carbonate.) By using normal carbonate of sodium, 
the precipitate formed is a basic salt of varjdng composition. 

By igniting zinc carbonate at a red heat, carbon dioxide and 
water are driven out and pure zinc oxide remains. 

The salt should dissolve in hydrochloric acid, yielding a 
solution which is not changed by hydrogen sulphide (absence 
of arsenic^ cadmium^ copper^ lead^ etc.), and in which ammonium 
carbonate forms a white precipitate, completely soluble without 
residue, in an excess of the reagent (absence of iron, aluminum^ 
calcium^ etc.). No lead should be shown by the addition of 
sulphuric acid. 



99. ZINC CHLORIDE. 

ZnClg. M.W. = 136. 

Take of 

Zinc (metallic), 1000 gr. 

Hydrochloric acid, 36° Tw. (sp. gr. 1.180), 2600 cc. 
Water, 1000 " 

Mix the acid and water in a 14-inch evaporating dish, or 
in a 2-gallon crock, and add the zinc in scraps, as fast as 
it may be done without causing the contents of the dish to 
froth over, owing to the vigorous effervescence, due to the 
liberation of hydrogen. Toward the last, when the action 
becomes slow, heat the dish on the steam bath until the action 
ceases. A residue of some excess zinc and a black insoluble 
matter remains. The excess of zinc is necessary to prevent the 
solution of copper and arsenic. Let the solution stand until 
the sediment deposits, and decant the liquid through a filter 
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of asbestos or glass wool. Purify the clear liquid from iron 
as directed under zinc sulphate on page 225. Filter off the pre- 
cipitated iron and zinc, and evaporate the filtrate over the lamp, 
until the temperature of the liquid mass rises to 240° C. If dis- 
colored by the presence of organic matter, a little potassium 
chlorate may be cautiously added to the hot liquor. By care- 
fully adding a few drops of hydrochloric acid to the hot liquid 
while stirring actively, any basic salts may be dissolved. This 
operation needs much care, and the hands should be protected 
by gloves from spatters of the zinc chloride ; otherwise serious 
burns may result. 

Cast the fused zinc chloride into sticks, in a smooth iron 
mould, or it may be allowed to solidify in a porcelain dish and 
the resulting cake broken up into lumps of convenient size, 
and bottled at once while still quite wami. The bottle should 
be tightly stoppered and the cork covered with melted paraffine. 

Reaction : J 

Zn + 2 HCl = ZnCla + H^. ■ 

Properties : ^ 

Zinc chloride is a white, very deliquescent substance which 
has a Strang affinity for water. It has a very corrosive action 
on organic matter and hence is used as a caustic in medi- 
cine. It unites with alkaline chlorides to form double salts, of 
which the zinc-ammonium salt is the most important. This 
{NHJjZnClg is much used in solution as "soldering liquor," 
aa it dissolves metallic oxides and cleans the surface of the 
metal. 

Zinc chloride is very soluble in water, dissolving in about 
0.3 parte at 19° C. From a very concentrated solution con- 
taining hydrochloric acid, crystals of ZnCl^-HjO may be 
obtained. The aqueous solution, when boiled, gives c 
hydrochloric acid, forming oxychloride of zinc, ZnCl(OH). 
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The salt is largely used in the arts as a water-absorbing sub- 
stance, as a preservative agent for wood, and in the size for 
cotton goods. Its use in the laboratory is chiefly as a dehy- 
drating substance. 



100. ZINC SULPHATE. 




ZnSO^-T HgO. 


M.W. = 287. 


Take of 




Zinc (metallic), 

Sulphuric acid, 166° Tw. (sp. gr. 1.83), 

Water, 


1000 gr. 
1625 cc. 
4500 " 



Mix the water and acid in a 16-inch evaporating dish, or in 
a 2-gallon crock. Add scraps of zinc slowly, taking care that 
the vigorous effervescence does not cause the contents of the 
dish to froth over the top. No heating is necessary, sufficient 
heat being set free by the combination between the zinc and 
the acid. When the action becomes more moderate, keep the 
dish at about 90° C. on the steam bath until all action ceases. 
The metal should be nearly all dissolved, leaving a small 
amount of insoluble black residue. A small excess of zinc is 
used to render the solution as neutral as possible and to pre- 
vent the solution of any arsenic, copper, or lead which may be 
present as impurities. Allow the solution to stand quietly 
until the sediment has deposited, and decant through a glass- 
wool or asbestos filter (p. 12). 

The clear solution may contain iron, and if it is desired to 
have it entirely free from iron, a stream of chlorine gas (p. 39) 
may be passed into the solution until it smells strongly of the 
gas. Then add to the hot liquid, a strong solution of sodium 
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carbonate, a few drops at a time, while stirring actively, until 
the precipitate produced has a light brown color. Then digest 
for an hour or so at a moderate warmth. The iron and man- 
ganese are precipitated, together with some of the zinc, leaving 
the solution quite pure. 

Filter, and evaporate the filtrate to a density of 90° Tw. 
(sp. gr. 1.450), and allow to crystallize slowly. Drain the crys- 
tals in a covered funnel, or run them through the centrifugal 
machine. Dry at a low temperature in the drying closet, turn- 
ing the mass over several times while drying. Bottle at once 
when dry. The mother liquor should yield more crystals on 
further evaporation. 

Reaction : 

Zn + H2SO4 = ZnSO^ + Hg. 

Convenient sources for zinc are the old " crow's feet" and coils 
of exhausted battery cells. The chief impurities are copper, 
lead, and iron. 

Chemically pure zinc does not dissolve freely in sulphuric 
acid, but the addition of a few drops of chloroplatinic acid 
solution will start the reaction. 

Properties : 

Zinc sulphate forms transparent, needle-like crystals or 
prisms containing 7 HgO. They effloresce quickly in dry air, 
and when heated to 100° C, lose 6 molecules of crystal water. 
The seventh molecule escapes at about 300° C. At a low red 
heat the anhydrous salt is decomposed, and zinc oxide is 
formed. 

The salt is known in commerce as " white vitriol," and is 
extensively used in the arts for weighting cotton goods and in 
wool-dyeing. It is also used somewhat in medicine and as a 
preservative agent and antiseptic. 
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The crystallized salt is very soluble in water. 100 parts of 
water at 

0° C. dissolve 115.22 parts ZnS04-7 H2O.* 



IQO U 4 


' 138.21 


200 u 


* 161.49 


30O 4t 


* 190.90 


40O U 


' 224.05 


60*^ " 


* 263.84 


60O u 


' 313.48 


700 i4 


* 369.36 


80O ii 


' 442.62 


90°** 


* 533.02 


100° ** * 


* 653.59 



The specific gravity of the aqueous solution at 15" C. con- 
taining 



1% ZnSO 


4-7 H2O is 1.006. t 


5% 


'* ** 1.0288. 


10% 


** 1.0593. 


20% 


'* *' 1.1236. 


30% 


** 1.1933. 


40% 


** 1.2709. 


50% 


* ** 1.3532. 


60% 


** 1.4461. 



According to Mulder,^ zinc sulphate solutions decompose 
when heated over 40° C, forming basic salts. 

* PoGGiALE, Ann. Chim. Phys. [3] 8, 467. 
t Gerlach, Zeit. anal. Chem. 8, 288. 
t Scheik. Verhand. 1864, 74. 
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APPEI^DIX 



>>©{00. 



Approximate Atomic Weigrhts and Valence of the Elements. 



Aluminum 


All" 


27.5 


Niobium (Colum- 






Antimony 


Sb"i V 


122 


bium) 


Nb"i V 


94 


Arsenic 


As I" V 


76 


Nitrogen 


N"! V 


14 


Barium 


Ban 


137 


Osmium 


Osiv VI 


199 


Beryllium 


Be" 


9.4 


Oxygen 


0" 


16 


Bismuth 


Bi "I V 


208 


Palladium 


Pd " IV VI 


106 


Boron 


B"i 


11 


Phosphorus 


PlII V 


31 


Bromine 


Br I VII 


80 


Platinum 


Pt II IV VI 


197.18 


Cadmium 


Cd" 


112 


Potassium 


Ki 


39 


Caesium 


Csi 


133 


Rhodium 


Rh " IV VI 


104 


Calcium 


Ca" 


40 


Rubidium 


Rbi 


86 


Carbon 


Civ II 


12 


Ruthenium 


Ruiv VIII 


104 


Cerium 


Ceiv 


137 


Scandium 


Sciv 


44 


Chlorine 


01 I VII 


36.6 


Selenium 


Se" IV VI 


79 


Chromium 


Cr " I" VI 


62.6 


Silicon 


Si IV 


28 


Cobalt 


Co" VI 


69 


Silver 


Agi 


108 


Copper 


Cu" 


63.6 


Sodium 


Nai 


23 


Didymium 


Diiv 


144 


Strontium 


Sr" 


87.6 


Erbium 


Er"i 


170.6 


Sulphur 


S II IV VI 


32 


Fluorine 


Fi 


19 


Tantalium 


Tav 


182 


Gallium 


Ga " IV 


69.9 


Tellurium 


Te " IV VI 


126 


Germanium 


Geiv 


73.3 


Thallium 


Tli I" 


204 


Gold 


Au"i 


197 


Thorium 


Thiv 


231.6 


Hydrogen 


Hi 


1 


Tin 


Sniv 


118 


Indium 


Tn "I 


113 


Titanium 


Tiiv 


48 


Iodine 


1 1 VII 


127 


Tungsten (Wolfra- 






Iridium 


Iriv VI 


193 


mium) 


Wiv 


184 


Iron 


Fe" "I VI 


66 


Uranium 


Urvi 


240 


Lanthanum 


La IV 


139 


Vanadium 


Vv 


61 


Lead 


Pb" IV 


207 


Wolframium (Tung- 






Lithium 


Li I 


7 


sten) 


Wvi 


184 


Magnesium 


Mg" 


24 


Ytterbium 


Ybiv 


172.6 


Manganese 


Mn II VII 


66 


Yttrium 


Yi" 


88 


Mercury 


Hg" 


200 


Zinc 


Zn" 


66 


Molybdenum 


Mo VI 


96 


Zirconium 


Zriv 


90 


Nickel 


Ni" 


69 
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Specific Gravity of Acetic Acid Solutions at 15'' €• 

(Oudemans.) 



Specific 


% 


Specific 


% 


Specific 


% 


Gravity 


C2H4O2 


Gravity 


C2H4O2 


Gravity 


C2H4O2 


0.9992 





1.0469 


34 


1.0725 


68 


1.0007 


1 


1.0470 


35 


1.0729 


69 


1.0022 


2 


1.0481 


36 


1.0733 


70 


1.0037 


3 


1.0492 


37 


1.0737 


71 


1.0052 


4 


1.0602 


38 


1.0740 


72 


1.0067 


6 


1.0513 


39 


1.0742 


73 


1.0083 


6 


1.0623 


40 


1.0744 


74 


1.0098 


7 


1.0533 


41 


1.0746 


75 


1.0113 


8 


1.0643 


42 


1.0747 


76 


1.0127 


9 


1.0562 


43 


1.0748 


77 


1.0142 


10 


1.0562 


44 


1.0748 


78 


1.0157 


11 


1.0571 


45 


1.0748 


79 


1.0171 


12 


1.0680 


46 


1.0748 


80 


1.0185 


13 


1.0589 


47 


1.0747 


81 


1.0200 


14 


1.0598 


48 


1.0746 


82 


1.0214 


16 


1.0607 


49 


1.0744 


83 


1.0228 


16 


1.0616 


60 


1.0742 


84 


1.0242 


17 


1.0623 


61 


1.0739 


85 


1.0256 


18 


1.0631 


52 


1.0736 


86 


1.0270 


19 


1.0638 


53 


1.0731 


87 


1.0284 


20 


1.0646 


64 


1.0726 


88 


1.0298 


21 


1.0663 


66 


1.0720 


89 


1.0311 


22 


1.0660 


56 


1.0713 


90 


1.0324 


23 


1.0666 


57 


1.0705 


91 


1.0337 


24 


1.0673 


68 


1.0696 


92 


1.0360 


25 


1.0679 


59 


1.0686 


93 


1.0363 


26 


1.0686 


60 


1.0674 


94 


1.0375 


27 


1.0691 


61 


1.0660 


95 


1.0388 


28 


1.0697 


62 


1.0644 


96 


1.0400 


29 


1.0702 


63 


1.0626 


97 


1.0412 


30 


1.0707 


64 


1.0604 


98 


1.0424 


31 


1.0712 


66 


1.0580 


99 


1.0436 


32 


1.0717 


66 


1.0553 


100 


1.0447 


33 


1.0721 


67 
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Liquor Ammoniae. 



Table according to Lunge and Wiernik.* 



Specific 


n4 


Grams 


Specific 


% 

■m.TT'T 


Grams 


Gravity 




PER Liter 


Gravity 


PER Liter 


AT 16° C. 


NHs 


NHs 


AT 15° C. 


NHs 


NHs 


1.000 


0.00 


0.0 


0.940 


15.63 


146.9 


0.998 


0.46 


4.6 


0.938 


16.22 


162.1 


0.996 


0.91 


9.1 


0.936 


16.82 


167.4 


0.994 


1.37 


13.6 


0.934 


17.42 


162.7 


0.992 


1.84 


18.2 


0.932 


18.03 


168.1 


0.990 


2.31 


22.9 


0.930 


18.64 


173.4 


0.988 


2.80 


27.7 


0.928 


19.26 


178.6 


0.986 


3.30 


32.6 


0.926 


19.87 


184.2 


0.984 


3.80 


37.4 


0.924 


20.49 


189.3 


0.982 


4.30 


42.2 


0.922 


21.12 


194.7 


0.980 


4.80 


47.0 


0.920 


21.76 


200.1 


0.978 


6.30 


61.8 


0.918 


22.39 


205.6 


0.976 


5.80 


56.6 


0.916 


23.03 


210.9 


0.974 


6.30 


61.4 


0.914 


23.68 


216.3 


0.972 


6.80 


66.1 


0.912 


24.33 


221.9 


0.970 


7.31 


70.9 


0.910 


24.99 


227.4 


0.968 


7.82 


75.7 


0.908 


25.65 


232.9 


0.966 


8.33 


80.5 


0.906 


26.31 


238.3 


0.964 


8.84 


85.2 


0.904 


26.98 


243.9 


0.962 


9.35 


89.9 


0.902 


27.65 


249.4 


0.960 


9.91 


95.1 


0.900 


28.33 


255.0 


0.958 


10.47 


100.3 


0.898 


29.01 


260.5 


0.956 


11.03 


105.4 


0.896 


29.69 


266.0 


0.954 


11.60 


110.7 


0.894 


30.37 


271.5 


0.952 


12.17 


115.9 


0.892 


31.05 


277.0 


0.950 


12.74 


121.0 


0.890 


31.75 


282.6 


0.948 


13.31 


126.2 


0.888 


32.50 


288.6 


0.946 


13.88 


131.3 


0.886 


33.25 


294.6 


0.944 


14.46 


136.5 


0.884 


34.10 


301.4 


0.942 


16.04 


141.7 


0.882 


34.95 


308.3 



* Zeit. f. angew. Chem. 1889, 183. 
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Nitric Acid. 

Table according to Lunge and Key.* 



Degrees 
twaddell 


Per cent 

BY Weight 

OF HNOs 


Grams 

PER Liter 

OF HNOs 


Degrees 

TwADDELL 


Per cent 

BY Weight 

OF HNOs 


Grams 

per Liter 

OP HNOs 


Degrees 
twaddell 


Per cent 

by w eight 

OF HNOs 


O tf fa 

fa 





0.10 


1 


35 


28.63 


336 


70 


66.79 


753 


1 


1.00 


10 


36 


29.38 


347 


71 


56.66 


768 


2 


1.90 


19 


37 


30.13 


367 


72 


57.67 


783 


3 


2.80 


28 


38 


30.88 


367 


73 


68.48 


798 


4 


3.70 


38 


39 


31.62 


378 


74 


69.39 


814 


6 


4.60 


47 


40 


32.36 


388 


75 


60.30 


829 


6 


5.50 


67 


41 


33.09 


399 


76 


61.27 


846 


7 


6.38 


66 


42 


33.82 


409 


77 


62.24 


862 


8 


7.26 


75 


43 


34.65 


420 


78 


63.23 


879 


9 


8.13 


85 


44 


35.28 


430 


79 


64.25 


896 


10 


8.99 


94 


45 


36.03 


441 


80 


65.30 


9l4 


11 


9.84 


104 


46 


36.78 


452 


81 


66.40 


933 


12 


10.68 


113 


47 


37.53 


463 


82 


67.60 


952 


13 


11.51 


123 


48 


38.29 


476 


83 


68.63 


971 


14 


12.33 


132 


49 


39.06 


486 


84 


69.80 


991 


15 


13.15 


141 


60 


39.82 


498 


86 


70.98 


1011 


16 


13.95 


151 


'61 


40.58 


609 


86 


72.17 


1032 


17 


14.74 


160 


62 


41.34 


621 


87 


73.39 


1063 


18 


15.53 


169 


63 


42.10 


533 


88 


74.68 


1076 


19 


16.32 


179 


54 


42.87 


644 


89 


75.98 


1098 


20 


17.11 


188 


55 


43.64 


556 


90 


77.28 


1121 


21 


17.89 


198 


66 


44.41 


668 


91 


78.60 


1144 


22 


18.67 


207 


67 


45.18 


581 


92 


79.98 


1108 


23 


19.45 


217 


58 


45.95 


593 


93 


81.42 


1193 


24 


20.23 


227 


69 


46.72 


606 


94 


82.90 


1219 


25 


21.00 


236 


60 


47.49 


617 


95 


84.46 


1246 


26 


21.77 


246 


61 


48.26 


630 


96 


86.06 


1274 


27 


22.54 


256 


62 


49.07 


643 


97 


87.70 


1302 


28 


23.31 


266 


63 


49.89 


656 


98 


89.60 


1335 


29 


24.08 


276 


64 


50.71 


669 


99 


91.60 


1369 


30 


24.84 


286 


66 


61.53 


683 


100 


94.09 


1411 


31 


25.60 


296 


66 


52.37 


697 


101 


96.39 


1451 


32 


26.36 


306 


67 


63.22 


710 


102 


98.10 


1481 


33 


27.12 


316 


68 


64.07 


726 


103 


99.07 


1501 


34 


27.88 


326 


69 


64.93 


739 


104 


99.67 


1515 



* Zeit. f. angew. Chem. 1891, 166. 
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Sulphuric Acid. 

Table according to Lunge and Isi-er.* 
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42 
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108 
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1.323 


48 


2S.21 


0.355 


76 


49.00 


0.662 


109 


63.85 


0.987 


142 
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1.334 


44 


20.84 


0.364 


11 


48.63 


0.072 


110 


64.26 
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143 


78.48 


1.348 


46 


30.48 


0..373 


78 


40.00 


0.682 


111 


64.67 


1.006 


144 


78.92 


1.367 


4S 


31.11 


0.382 


79 


49.59 


0.602 


112 


65.08 


1.015 


145 


79.36 


1.369 


47 


31.70 


0..5B1 


80 


60.11 
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113 


66.49 


1.026 
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79.80 


1.381 


48 


32,28 


0.400 


81 


50.es 
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114 


66.90 
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147 


80.24 


1.392 


4» 


32.86 


0.40» 


82 


.«1.15 


0.721 


115 


66.30 


1.044 


148 


80.68 


1.404 


60 


33.43 


0.418 


83 


51.06 


0.730 


116 


66.71 


1.054 


149 


81.12 


1.416 


61 


34.00 


0.426 


84 


62.15 


0.740 


in 


67.13 


1.064 


160 


81.66 


1.427 


52 


34.67 


0.435 


86 


62.63 


0.750 


118 


67.69 


1.075 


151 


82.00 


1.430 


63 


85.14 


0.444 


86 


53,11 


0.750 


119 


68.05 


1.086 


162 


82.44 


1,451 


64 


36,71 


0.464 


87 


63.59 


0.769 


120 


68.61 


1.096 


153 


82.88 


1.463 


55 


38.29 


0.462 


88 


64,07 


0.779 


121 


08.07 


1.107 


154 


83.32 


1,475 


60 


38.87 


0,472 


89 


54,55 


0.789 


122 


60.43 


1.118 


155 


83.00 


1,480 


67 


37.46 


0,481 


eo 


55.03 


0,798 


123 


60. B9 


1.128 


156 


84.50 


1.504 


68 


38.03 


0,490 


91 


65.50 


0,808 


124 


70.32 


1.139 


157 


85.10 


1,519 


5B 


38.61 


0,500 


92 


55,97 


0.817 


126 


70.74 


1.150 


158 


85.70 


1,534 


60 


39.19 


0.510 


93 


56.43 


0,827 


126 


71.16 


1.100 


169 


86.30 


1.549 


ei 


39.77 


0.619 


94 


56.90 


0.8.37 


127 


71,57 


1.170 


160 


86.00 


1,604 


62 


40.36 


0.62Q 


95 


57.37 


0.846 


128 


71.00 


1.181 


181 


87.60 


1.681 


63 


40.93 


0.538 


90 


57.83 


0,866 


129 


72.40 


1.192 


102 


88.30 
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64 


41.50 
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07 


58.28 


0,866 


130 
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163 
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66 


42.08 
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98 
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131 
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164 
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1.6S0 


66 
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9B 
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132 


73,64 
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165 


91.00 


1.661 


07 


4.3.20 
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100 


50.70 


0.896 


133 


74,07 


1.233 


166 


92.10 


1.686 


63 


43.74 


0.586 


101 


60.18 


0.906 


134 


74.51 


1.244 


167 


93.43 


1.713 


69 


44.28 


0,596 


102 


60.65 


0.916 


136 


74,07 


1.256 


168 


95.60 


1.759 


70 


44.82 


0,606 


103 


61.12 


0.928 


136 


75.42 


1.267 








71 


45.35 


0,614 


104 


61.69 


0.936 


137 


76.8C 


1.278 








72 


45,88 


n.&li 


105 


62, 0« 


0.046 


1.38 ! 76.30 


1.289 
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Algaroth powder, 71. 
Alum, 62. 

** chrome, 63. 
Aluminum chloride, anhydrous, 39. 

*' crystallized, 40. 
hydrate, 47. 
sulphate, 48. 
Ammonium bicarbonate, 64. 
'* carbonate, 66. 

" chloride, 67. 

" -hydrogen-sodium phos- 

phate, 66, 
*' iodide, 60. 

'* nitrate, 61. 
" oxalate, 63. 

" sulphate, 65. 

Antimony-potassium tartrate, 72. 
*' sulphate, 68. 
*' trichloride, 69. 
** trioxide, 70. 
Asbestos filter, 12. 
Balloons, porcelain, 16. 
Barium acetate, 73. 
" carbonate, 74. 
*' chloride, 76. 
** chromate, 79. 
»* nitrate, 80. 
Baum6's hydrometer, 32. 
Bismuth nitrate, 82. 
Blue vitriol, 106. 
Biichner's funnel, 14. 
Cadmium chloride, 84. 

" iodide, 86. 
Calcination, 34. 
Calcium carbonate, 88. 

chloride, crystallized, 90. 
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Calcium chloride, porous, 89. 
Chloroplatinic acid, 92. 
Chrome red, 123. 

** yellow, 123. 
Chromic anhydride, 99. 
Chromium acetate, 93. 
hydrate, 96. 

* * Guigne t's green, 97 . 
sulphate, 98. 
trioxide, 99. 
Cloth filters, 10. 
Copperas, 116. 
Corrosive sublimate, 139. 
Crystallization, 23. 
Cupric-ammonium chloride, 104. 
** -potassium chloride, 104. 
*' chloride, 101. 
** sulphate, 106. 
Decautation, 19. 
Density, 28. 

Direct specific gravity hydrometer, 30. 
Drying, 26. 
Epsom salts, 131. 
Evaporation, 21. 
Ferric chloride, 107. 
** hydrate, 110. 
** nitrate, 111. 
** sulphate, solution, 112. 
** *' " basic, 114. 

Ferrous ammonium sulphate, 116. 

** sulphate, 116. 
Filtration, 8. 

centrifugal, 18. 
gravity, 9. 
pressure, 16. 
suction, 13. 
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Filtration upward, 15. 
Funnel, hot-water, 12. 
General directions, 36. 
Glauber's salt, 203. 
Green vitriol, 116. 
Guignet*s green, 97. 
Hydrometer, Baum^'s, 32. 

specific gravity, 30. 
Twaddell's, 30. 
Lead acetate, 119. 
" chromate, 121. 
*' " fused, 124. 

" nitrate, 126. 
*' peroxide, 127. 
Magnesium chloride, 129. 
*' sulphate, 131. 

Manganese carbonate, 134. 
** chloride, 136. 
" sulphate, 137. 
Mercuric chloride, 139. 
" iodide, 142. 
" nitrate, 143. 
" sulphate, 144. 
'* sulphide, 146. 
Microcosm ic salt, 66. 
Molybdenum trioxide, 147. 
Nickel nitrate, 149. 
Oxalic acid, 150. 
Phosphorus oxychloride, 162. 
pentachloride, 154. 
trichloride, 166. 
Platinum chloride, 92. 
Potassium bichromate, 157. 
*' bin oxalate, 169. 
»* bromate, 160. 
bromide, 162. 
chloride, 166. 
chromate, 167. 
ferricyanide, 169. 
iodide, 172. 
nitrate, 176. 
oxalate, 178. 
permanganate, 179. 
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Potassium -sodium tartrate, 181. 

'•'' quadroxalate, 169. 
Precipitation, 7. 
Pressing, 18. 
Pulverizing, 34. 
Pyknometer, 33. 
Rochelle salt, 181. 
Sal soda, 191. 
Salt of phosphorus, 66. 
Saltpetre, 175. 
Silver nitrate, 182. 
Sodium acetate, 185. 
** bicarbonate, 187. 
" bromide, 189. 
" carbonate, 191. 
** chloride, 195. 
'* nitrate, 197. 
** nitroprusside, 199. 
phosphate, 201. 
sulphate, 203. 
sulphide, 206. 
" sulphite, 207. 
** thiosulphate (hyposulphite), 
208. 
Solution, 1. 
Stannic chloride, 209. 
Stannous '* 212. 
Strontium ** 213. 
** hydrate, 219. 
nitrate, 217. 
oxide, 219. 
Sugar of lead, 1 19. 
Sulphur dioxide, 220. 
Tartar emetic, 72. 
**Tin crystals," 212. 
Twaddell's hydrometer, 30. 
Vermilion, 146. 
Washing, 20. 
White vitriol, 225. 
Witt's filter plate, 15. 
Zinc carbonate, 222. 
" chloride, 223. 
'' sulphate, 225. 
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